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& GENERAL IXTRODUCTI9K 
Classical 4 ~ 2 : r z s t  stx3ies 1 Fmrnnhi l i t y  and water iy-mersion, 
and r e s u l t s  of o r b i t a l  space f l i g h t  q i v e  rise: t o  a se t  of c l i n i c a l  
s i ~ n s  and syi?ptorns ~~7hich  characterize a 2cconZi t icn inq ' .  of t h e  
c a r d i o v a s c u l a r  s y s  ter:. "he p r i x i p a l  * e a s u r e r e n t s  reiateCi to ilie 
G e s c r i p t i o n  are the  chanqe i n  k a r t  ra t?  and blood p r e s s u r e  durincl 
p a s s i v e  tilt t o  a 70' f r o r  h o r i z o n t z l  n o s i t i o n .  Vogt has  proposed 
a number of d i f f e r e n t  r7casuies and. derivativcs of measures (a t o t a l  
of 3 2 )  t o  c h a r a c t e r i z e  the respmse b u t  f i n d s  hear t  ra te  t o  b:. t h e  
b e s t  s i n q l e  i n c i c a t c r  
An  a l t e r n a t i v e  provoca t ive  t e s t  i s  t h e  a p p l i c a t i o n  of 
n e q a t i v e  p r e s s u r e  t o  the lower p o r t i o n s  of t h e  body. 2 
There  Ere a nusber  of mechanis9s whic)1 mav g i v e  rise to  
t h e  r tspcnse.  Ar-iong t h e s e  are a change i n  blooc? volume or a chenqe 
i n  venom poo l inq  d u r i n c  the tilt. 
Eac!i of t h e s e  tests provide  r;,any d a t a  on a v a r i e t y  of 
Lhese d a t a  a r e  r e l e v a n t  t o  2. q u a n t i t a t i o n  of yarameters  i n  the. 
the responC;c t o  an sssessment of mechanism anll t o  a n  e v a l u a t i o n  of 
.. * .I ..._____-^I 
LeL::kz:VII=I A L L c = . 2 U A L U  0 
%is repcrt i s  concerned wi th  an e v a l u a t i o n  of t ec lmiques  
of mes.suring chanqes i n  l i r tb  volwt-  ( P a r t  I) anc an e v a l u a t i o n  of 
t h i s  reasu re  i n  essessinc: t h e  decond i t ion ing  occas ione2  by bec'rest 
( P a r t  11) 
'Extensive b e d r e s t  l i t e r a t u r e  is r e v i e m d  i n  NASA CR-171, "The effect  
of bedrest on v a r i o u s  peramaters  of p h y s i o l o g i c a l  func t i . cn , ' ,  
C, Valkorrna, F.  I3, 'Jcyt, g o  Cardus, W. A .  Spencer and Y o  **!alters, 
1 3 5 5 ,  See also: Lamb, L. E . ,  " S t a t u s  of knowled.ve of v e i g h t l e s s n e s s ,  
1 3 5 5  Appen6ix 5 p p .  531-548 Space Tesearch, 3 i r e c t i o n s  f o r  t h e  
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PICURE DESCZ?I??TIOP!S - PART I 
?'oublc s t r a n d &  ne rcu ry  i n  s i l a s t i c  qauqe. 
Gauqes r?.cunted on c a l f  of l eg .  
? a r t s  l i s t  and drawing 
'=.arts l i s t  ar!d drawing of proposet.1 .-auge C e s i y .  
' Y i l t  p rocedure  w i t ? i  tizrer? q z u ~ e s  
shown. Top and bottori  gauTe o n e  
-1ir"dle gauTe ~f~7hFch i s  on m a x i ~ m .  
Stx idzr r l  venous occ lus ion  tes t .  
r:ercury i n  s i l a s t i c  qauqe, upper 
7-.s i n  F iqu re  1-6 e x c e p t  a r t e r i e l  
on le5 2s s c h e n a t i c a l l y  
cmtirneter s h o r t e r  t h m  
l m  c i r c u r f e r e n c e ,  
L O ~ ~ ~ I -  three t r a c i n q s  a r e  
i r  c a p z c i t a n c e .  
oeclus5on was a p p l i e S  ?rim 
t o  t h e  tilt an2 cont inued throuch  the, tilt. 
7s i n  F i w r e  I-C e x c e p t  v .xous  o c c l u s i o n  t~c7s a?? l ie f  nr ior  
t o  tilt and! cont inued  through t h e  tilt. 
Le5  novenent a r t i f a c t .  
s i n  F iqu re  1-6. w i t h  knee f i x & .  
G a q e s  on leu as i l l u s t r a t e d .  ir! F i y u r e  X-6. . : q a t i v e  
p r e s s u r e  (-60 -m t:g) applied t o  one le?. 
-3s i n  F igu re  1-13 w i t h  a r te r ia l  o c c l u s i o n  6urinC n e g s t i v e  
F r e s s u r e  
i n  F i g u r e  1-13 wi th  venous o c c l u s i c n  F r e s s u r e .  
:-iouklle 1:riitteG n e t  us&! i n  c a y a c i t a n c e  s t u d y .  
CaDacitance cl;-auge or, arm. 
Cor.p-r ison of capac i t ance  ani: n e r c u r y  i~ rubber  gauge d u r i n a  
a 2 p l i c a t i c n  of n e z a t i v e  p re szu re  t c  l e c .  venous occ lus io r ,  
tes t  i s  3 3 . ~ 0  s G ? c : F ~ .  
Y i l t  p rocecurc  wit5 t h r e e  mercury i r i  rubher  Tauces (lower 
k h r e e )  and capac i t ance  qauae 
--s i n  I . - 1 9  e x c e p t  e r t e r i a l  occlcsion precec'ec tilt prccedurn  






I ii E-OL:  uc t i 0) 1 - - -- 
Mon-invasive t echn iques  f o r  t h e  asurcment oF b l m d  5lo~n.r by 
venous o c c l u s i o n  p1ethysinograrhy ir_volvr- direct or i n d i r c c t  Yeasures  
of volume change of t \ e  e x t r e m i t y  masure?. I n  t h i s  s t u d y ,  three 
t e c h n i a u e s  were i n v e s t i g a t e z :  1) l i n k  c i rcumference  changes by a 
r e s i s t a n c e  t r a n s d u c e r ;  2) l i p b  volune change hv c a p a c i t a n c e  measurecentz 
and 3) l i m b  volume change by imnedance r e a s u r e n c n t .  
The resistance transducer for  volume chancre, a c i rcus i fc rence  
measurement, was i n t r o d u c e 3  Fy P. J. Vhitney (1953). TI-@ a p p l i c a t i o n s  
of t h e  gauge have been described i n  d e t a i l  by Faqan (1961) and t h e  
v a l i d a t i o n  of t h e  method d o c m e n t c d  by Bureer ,  e t  a1 (1959 a , b )  and bv 
Cla rke  and Fellon (1957,). The gauge, as $escribed by mhkitnev, h a s  a 
low r e s i s t a n c e  ( 0 . 1  t o  8 ohms). ,I high impedance a n r l i c a t i a n  has been 
2cv i sed  by Waggoner (1965) i n t ro2uc inT  e l e c t r d e  pasts  i n  s u b s t i t u t i o n  
f o r  t h e  rnercurv. 
T5e Phvs ic s  of t h e  s t r a i n  aaucje anc' t he  c a l c u l F t i o n s  for t h e  
gauae have been comnilecf bv Saqan (1961). The fundamental  cons ide ra -  
t i c n s  fron t h a t  a r t i c l e  are renroduced te lov.  
Abbrev ia t ions  -__ .- ~ _ c  
"The  symbols which w i l l  be used  are l i s ted  below. Values 
a p F l i c a b l e  to a s p e c i f i c  f i n g e r  Gauge, and t o  a t y n i c a f  F inge r ,  are 
r i v e n  in scluare b r a c k e t s ,  fcr some p a r a n e t e r s .  
i =  l e n g t h  of a c t i v e  p o r t i o n  of gauge (CP) . [/5 rn when T = 10 91 
r = rac ' ius  of t h e  bore of the t ub ina  (crn). [ I D  = 0.35 nml 
a = c rc :>s - sec t iona l  area of mercury c o l m n  (CF ) 
v = vollime of mercury i n  t h e  gauge ( u n i t s  no t  r equ i r e? , ) .  
b =  r e s i s t a n c e  of t h e  mercury column (ohm). [ca. 0 . 4 5  ohms] 
t = t enmera tu re  of t h e  m e r c u r y  ( " e ) .  
T = t e n s i o n  i n  t h e  cauye tub ing  (9). [lo 91 
r = nressure exer ted  rad ia l ly  bv qauqe m o n  t h e  fingpr (nm Hq). 
2 
-




c =  
A =  
v =  
e+= 
Hansbook 
circunference of finger (csn). 150 rm] 
crcss-sectional area of finser un&r the nauge (units not 
r e q u i r e d )  
volume of finqer (units not required). 
svlbol used in logic, yeaning "is cnuivalent to." 
Standard value.; that are used have heen taken from the 
- o f Chemistry - an5 Physics (37th ea.). 
Terminology 
'The volume (VI of the f i n g e r  is the denendent variable in 
plethysaogranhy. It is nercentage change in volume (%oV), either 
per unit tine or followinq the apnlicaticn of sone nrocedure, which is 
most useful to physiologists. To convert this t c r  the terminology 
commonly used in plethysmogrmhy : 
n% V kl n cc/lO@ cc of tissue,. 
(n = any fiurrber). 
Resistance of Came 
v.?esistivity (6)) of nercury 
"esistance (2) of a mercury column = 
= 95.73 nicrohm-cm, at 2 0 °  C. 
(9.578 x l f 5  ohm-cm) (em) 
Cm2 
=e P L .  
8 
If ID = 0.35 m, r = 0.175 mm = 1.75 x lo-* cm, and 
- 2  2 
) a = I,r2 = 3.1<(1.75 x 10 
2 = 9.6 x loo4 cn! 0 
= 0.10 ohms/cm*. (meaning "ohms per ern of length") 9.578 P , =  
9.6 x 
Hence, for the gauge described (L = 45 mm), 3 = 0.45 ohms. (The 
measured resistance will be sliuhtly greater since ID was measured 
with the tubing unstretched; under 10 g T, the area (a) i3 slightly 
less tkan t h e  figure calculated above.) 
"Lawton and Collins (1959) have used. rubber tubing of 0 . 5  rrm ID, 
which works out to ri = 0.05 ohv/cm. 
about 0.23 ohm/cm" - a surprising discrepancy! 
Yet, they reoort r'a resistance of 
? = F L p -
a 
? = PL - (tor, and bottom multir , l ieci  by L). 
V 
- r  
c ! L  V 
I Frov t h i s ,  it %llov!s t h a t :  
t 
1s a L CL) 2% d T. 
vowever, t h i s  is onlv rnproxirnatelv correct. 
t i o n s h i p  i s  g i v e n  bv* 
mhe e x a c t  creneral. r e la - .  
n % C i  L = 2 n % C !  % +  n 2 % '1 ". -
100 
1 Temperature C o e f f i c i e n t  of Pesistance 
I 
-
"The t empera ture  coefficient of r e s i s t i v i t y  ( 3 ) of mercury = 
0.00089, a t  20' C =  or  a t  20' C ,  L! ?/' C = 8 . 9  x 
8.9 x lo-' x R 
x p. 
I 
x 100 The % A R/O C = I 9 
-2 = 8 . 9  x 10 %. 
I 
I ?low 1% A L +--+ 2 %  A R. The tempera ture  change ( l i t )  r e q u i r e ?  t o  
I cause  2 % / !  9 = 2 
8 . 9  x 
= 22.5' c! 
I 
Eence, 1% A L?--b 22 .5 '  C A t. 
Chancre i n  %psion w i t h  Length - -
" A  gauge was sumended w i t h  10-9 t e n s i o n  (TI on it. "he 1 
1 
I 
l e n q t h  (5) of t h e  active p o r t i o n  was 45 m. 
was applied which stretched t h e  gauge by 1 . 6  m, as d'etermined by t h e  
%thod of Trecise c a l i b r a t i o n  (Eaqan, 1961)  which was be ing  done 
c o n c u r r e n t l y .  




I '  
I 
I 
1 6  
(5 
Gncc; 5 9 4 T"e-? A x 100 = 3 . 3 %  :', L. 
5 
3 . 3  
Then 1% fi Ld-+- = 1 . 5  g !L T. 
('?!?e s e l a t i c n s h i n  betoleer, L and T vi11 varv accprd ina  t o  t h e  OD of tlir 
n a r t i c u l a r  sample of t ub ing ,  ID i s  m i t e  reatilar.) 
Chancre & l'clume of a Cy l inde r  ?elate? to Change i n  Circumference _.- - L 
'The f i r s t  sectior! which fo l lows  i s  excerotec? f rcn Clarke sn6 
P e l l o n  (1057). 'Consic'er a cylinder of raeius r. Let t h e  c y l i n + r  
exDan? s l i g h t l y  i n  i! r a d i a l  d i r e c t i o n  c n l y ,  30 t h a t  t h e  rac2itm increases 
from r to r + 6r. 
2 2 
2 
?'he char_Te i n  area = ft(r + c?r) - f r  
= Z Y  r d r ,  i f  dr  is m a l l ,  
100 2"r d.r . 
2 
?ercentage change i n  area = 
rl"r 
- 2 d r  - - 100 
r 
The change i.n c i rcumference = 2 7 ( r  + Z r )  - 2 7 r  
= 2 i fdr  
2-lTdr . Percen tage  chancre i n  c i r c u n f e r e n c e  = 
2 7 i r  
- - - dr . 100 
r 
"?Ius, the nercen taqe  chance, o r  ra te  o f  change, of lip5 (or -
F i g i t a l l  circiinference w i l l  he h a l f  t h e  n e r c e n t a u e  change, er r a t e  of 
chanye, of c r o s s - s e c t i o n a l  area (or volume). '  
'Using t h e  syrchols we have a p p l i e d  for the f i n g e r :  
' 'This  simnle r e l a t i o n s h i p  i s  o n l v  approximate ly  c o r r e c t ,  hut 
it w i l l  he shown t h a t  t h e  error involved i n  u s i n g  it is too a l i q h t  t o  
be of p r a c t i c a l  importance i n  plethysmography. 
i 
b 
"The e x a c t  r e l a t i o n s 5 i g  between C an? V is  u s u a l l y  q i v e n  Inv 
2 the formula J 
% A f f  = 2c- A c + ( n c )  
C2 
"'The use  of t h i s  formula w i l l  g i v e  t h e  a m e a r a n c e  of s l i g h t l y  
g r e a t e r  accuracy ,  though t h e  ex t r a  work cf c a l c u l a t i o n  i s  u s u a l l y  
unwarranted 1-y reason  of o t h e r  p o s s i b l e  errors i n  t h c  plethysmoqraDhic 
method. I f  one i s  measuring blood flow i n  t h e  f i n g e r ,  and fo l lowinq  
venous o c c l u s i o n  o b t a i n s  1% 4 C / s e c ,  t h e n  hlooc?. flow c a l c u l a t e d  t~ t h e  
formula becones 2.01% L V/sec + 120.6% CiV/rnin. However, there is  2 
p i t f a l l  f o r  t h e  unwarv plethysmosraphcr whc hones f o r  sreater accuracy  
by u s i n q  t h e  for - ru la ,  b u t  who makes t h e  a s s u m t i o n  t h a t  i t  i s  C which 
changes l i n e a r l y  wi th  t i m e .  Th i s  e r r o r  can be Fa l l en  i n t o  by assuming 
t h a t  1%! C/sec = 60% AC/min. Then, us ing  t h e  fa rmula ,  blood flow 
wcxld work o u t  t o  156% 6 V/min - a c o n s i d e r a b l e  error! 
' I t  must he reFernbered t h a t  2 17 i s  closer t o  t h e  chanqi-ng 
n h v s i o l o g i c a l  parameter  t h a n  is A C. 
s i o n  of e v e n t s  r e l e v a n t  t o  venous occ lus ion  nlethysrnoqrarhv woulC1 he 
as f O l l O t 7 S :  venous o c c l u s i o n  - - )  Lz v -+ 4 c + b L --p A ? -9 
s t y l u s  d c f l e c t i o n ,  from which i s  c a l c u l a t e d  t h e  ra te  of blood flow. 
The g e n e r a l  p rog res s ion  of measurerrent is i n  t h e  reverse, w i t h  error 
be ing  p o s s i b l e  a t  each t r a n s i t i o n .  
por i n s t a n c e ,  the a c t u a l  nronres- 
i ' A  sirnnlc forrxt la  i.thich e x a c t l y  d e l i n e a t e s  the r e l a t i o n s h i p  
between % tj C and % / \  V i s*  
2 
100 
n% c = 2 n % A  v + - r, % n 1 7  
I n  f i n g e r  pletbysrncyraphv, n w i l l  u s u a l l y  e q u a l  approximate ly  1% an6 
w i l l  seldoR be greater t h a n  2%. Using t h i s  f i u u r e ,  2% C = 4 . 0 4 %  1s. 77. 
" i t h  c o q n i z a x e  of t h e  possible e r r o r s  i n  a l l  of t h e  o t h e r  stens i n  
t h e  n r m r e s s i o n  of neasuremcnt ventionel!  above, it is  e v i d e n t  t h a t  t h e  
0 ,04% >ort;-on could be s a f e l y  d i s r ega rded .  Fence, i n  f i n g e r  Dlcthys- 
mogranhy, i-, can he assmed t h a t  1% l A  C e-- 2% A V. 
"3.11 of the p rev ious  c a l c u l a t i o n s  have been based on t h e  
cyl inc?er  and t h i s  s h a m  i s  presunposed for t h e  f i n g e r .  
has  shown t h a t  there i s  n e q l i g i b l e  error  i n  t h i s  assumption u n l e s s  




? e l a t i o n s h i p  Between 2 
"I t  has  h e n  
V and 4 Q 
stated Frev ious lv  t h a t :  
- -  - -  
Vow t h e  r e l a t i o n s h i n  h e t w e n  A L and h (1 i s  one of e x a c t  l i n e a r i t v *  
( s i n c e  C and L arc c o n s t a n t s  i n  any m e  e x m r i m e n t ) ,  
n % n  L.  v i z ,  n% fi\ c = - 





"Thus ,  ir ,  mact ice ,  a l l  of t h e  p rev ious  minor r e s e r v a t i o n s  
t h a t  have been made concernin? t h e  u s e  of the short mathematical forq 
i n  d e s c r i b i n g  the re la t ionship  between % h C, on the  one hand, and 
% I?, V and % A 3, on t h e  other ,  may be ignored  e n t i r e l y .  The dependent 
v a r i a b l e  i s  % A V, and % A R i s  what i s  measured. T h e i r  r e l a t i o n s h i p  
i s  one of e x a c t  l i n e a r i t y  i n  t h e  case where L and C are eaual. I t  has 
been shown t h a t  even on t h e  a s s m o t i o n  of a l i n e a r  r e l a t i o n s h i p  b e t w e e m  
4 C and I \  a,  t he  error i n  u s i n g  t h e  e q u a t i o n ,  n% 4 C 3: 2 n% A V, was 
s l i g h t .  I t  is nov a p p a r e n t  t h a t  t h i s  r e l a t i o n s b i b  i s  e x a c t l v  t r u e  
when L = C ,  and so close t o  he in9  correct when L makes un the areater 
pa r t  CF C ,  t h a t  no error i s  involved i n  u s i n g  it. (For examnle, i f  
% hh C = 2 . 0 ,  L = 45 rm, and C = 5 0  rtm, t h e n  % A q 7  = 3 .996 ,  rather t h a n  
t h e  f i .0  which ~m~ldl  erive from t h e  simple e q u a t i o n . )  
''Thus, through a f o r t u i t y  of n a t u r e ,  in t h e  c a l i b r a t i o n  of 
t h e  m r c u r y  f i n g e r  gauge, and i n  its u s e  for olethysmograqhy of t h e  
f i n g e r ,  it may be c c n s i d e r e d  t h a t -  
n % h  C = 2 n % b  V 
*This i s  t r u e  wi th  t h e  assumption t h a t :  (a) t h e  l e n s t h  of t h e  
gauge chap-ps w i t h  change i n  c i r c u n f e r e n c e  w i t h o u t  caus ing  v a r i a t i o n  i n  
t h e  degree cJf deformation of t h e  s k i n  under t he  gauge: (b) changes i n  
t h e  t h i c k n e s s  of t h e  w a l l  of t h e  tub ing  between the  mercury column and 




Y'adial pressure "xerts t l  hv t h e  cauue 
qduge t u b i n q  i s  zbcu t  1.25 m, t h e  nressure ererted by t3e gauge w i l l  
be @n a c i r c u l a r  stri9 of t h e  f i n q e r  a n r r o x i T a t e l y  1 mm wide .  Herce, 
T = 9800 t'ivrPg,hn_n' = ??,003 .'yr?ez:/cn. 
(5 of f i n g e r  = 50 i7r, so t h a t  the r a d i u s  ( r )  = 0.80 CY., From t h e  
---
"Gauae t e n s i o n  (R)  = 10 g = 9900 c7vnes. "ince on of t h e  
2 rn formula, P = (where P is  i n  dynes/cm , T i n  clynes/cr, and r i n  cm)  r 
2 98~000 = 122,500 ciynes/c?: e Since  1 ,w t h e  r a d i a l  p r e s s u r e ,  P = 
1 2 2 , 5 0 0  .m = 9 2  nn Pa. S ince  1% Q C  e* Yg = 1330 c?ynes/cm , t h e n  P = 
0.80 
2 
1.7 q rZ T ,  then TI = 11 .7  g and P1 = 1 0 8  mm ET. 
16 H g  A P. 
Pmce, 1% '1 C &6F 
Suppor t  of t h e  Gauge P r e s s u r e  
a c t i n g  long i tu r ' i na l ly .  Frocr, i n s p e c t i o n ,  it was estimated t h a t  t h e  
r a d i u s  of t h e  "circle '  of de%mation of the s k i n  = 1 mm, a n n r o x i n a t c l v .  
S i n c e  P = 92 mm Ec; = 122,500 dynes/cm , t h e n  
7 -  
"The gauge may be supported bv t e n s i m  i n  t h e  s k i n  (Ts) 
2 
=r P r = 122,500 x 0.1 = 12,250 dynes/cm 
= 12.5 g/cm. - 12 , 250 - 980 
'kjtitl l c m y l h ~ 6 i n a l  t e n s i o n  i n  t h e  skir .  (Ts) of t h e  f i p g e r  of 5 .0  c~n 
C = 5 x 12.5 = 62.5 g o  I f  1% i n c r e a s e  i n  C occu r s ,  TI = 1 1 . 7  g and 
= 73 7 ,  i n  order to s u n p o r t  P1. Zcnce 1% 4 C 10.5 7 Ts. c7 
s1 
These are maxirnum f i g u r c s  far hokh T 
qup?crtec', i n  p a r t  by t i s sues  d i r e c t l v  under t5e gauge. 
T . I' l i q h t ,  latex rubbe r  finger cot w a s  sealed t o  the tip of t h e  
f i n G e r p  c i r c u m f e r e n t i z l l v ,  2 or 3 mm d i s t a l  t o  the rwrcury  gauge 
a t t a c h e d  as  ?.@scribed in -L%L-TB!-60-15 (Eagan, 1961) I 
held trich t...? t i n  downwards. rrlhen 50 g w z s  hung from t h e  f r e e  end of 
the cc'c, an 2nYarent i n c r e a s e  i n  c i rcwfererce of the f i n g e r  e q u a l  t o  
0.25% I' C i,raq measured (average value).  A 100-a weig\ t  gave an  
average of 0.5% I \ C .  Fence, 1% C b--b200 a: of e x t e r n a l l v  a p p l i e d  
t e n s i o n .  
and A T s ;  t h e  gauge P nay be S 
"An experiment  was done t o  assoes t h o  relative irwortancc of 
5 
The f i n g e r  was 
I ' Tens ion  a m l i e 6  e x t e r n a l l y  tc? t h e  s r ~ r f a c e  of the s k - f i i  at 2 
few vi l l imeter ' s  Gi s t ance  from the  gnuqe i s  n o t  n i m e r i c a l l y  comparable 
t o  t h a t  which  e x i s t s  i n  t h e  s k i n  ( ? o t h m n ,  1954) and which could 
increase due tc; defs~ririation Causa7 bv the rac'ial nressure (?) e x e r t e d  
an  a p p a r e n t  i n c r e a s e  in C of the f inger  suggests  t h a t  t h e  Taugc i s  
s u p o r t e d  a t  least  i n  n a r t  by Ts. 
by d i f f u s i o n  of t h e  p r e s s u r e  g r a d i e n t  rac?ial.ly and l a t e r a l l y  i n t o  t h e  
unde r lv ing  t i s s u e .  The f a i l u r e  of any S ~ O Y J  decrease i n  appa ren t  C t o  
c c c u r  i n  t h e  f i n q c r ,  a f te r  t h e  gauue under  10-g t e n s i o n  i s  attache?, 
s u g q e s t s  t h a t  Ts i s  t h e  imnor t an t  f a c t o r .  
-,y t the qauge. The f ac t  t h a t  i n c r e a s i n ?  tt7e t e n s i o n  i n  t h e  s k i n  causes  
The remaininu -art  would be supported 
C 3 l i b r a t i o n  F q u i v a l e n t s  
" F t a t i c  c a l i b r a t i o n  of the finger gauge has been discusseci 
i n  PAL-TP-60-15 (Fayan, 1561). 3- t v n i c a l  value ohtainefl  i s  20.0-m 
d e f l e c t i o n  on the  rccerd, wi th  an ATTENUATOR s e t t i n a  of X 100 ( on t h e  
carri2r n r e a m l i f i e r  of t h e  Sanhorn 150 svster?), for 2.00-mm e x t e n s i o n  
of t h e  gauge. f t  follows that: 
1% 5 C 5.0-mn d e f l c c t i o n ,  on X 100  
@ 5 0 - ~ ~ n  x 1 0  
?.t t h e  l i m i t  of r e s o l u t i o n ,  a 2 CJ of 1 wicron = 0.002% b C t--* 
s t y l u s  d e f l c c t i o n ,  on X 1. 
1 mm of 
' A  dynapic  c a l i b r a t i o n  of t h e  q a q e  has been done by Lawton 
an2 C o l l i n s  (1359) u s i r q  a var i ab le - f r eoucncy ,  va r i ab le -ampl i tude  
v i b r a t o r .  
referred t o  t?x o r i g i n a l .  
t h e  qauqe are  such t h a t  thev h p o s e  no l i m i t a t i o n s  on i t s  u s e  i n  
o r d i n a r v  nlethvsmograohv: 
qince  t h i s  work cannot  read.i ly be csumarized,  t h e  reader i s  
The frequency r e sponse  characterist ics of 
I 
R e s i s t a n c e  Transsucers  for Volune Chancre _ _
Yercurv and rubber  qauae or '\'hitnev qauge, as used i n  these 
e x p e r i w a t s ,  i s  shown i n  F igu re  1-1. I t  c o n s i s t s  of 2 3.0ukle ~ O O D  of 
0.6.15" cE and o.tj i5':  In s i l a s t i c  tuh inu  f i x e d  t o  s i l ve r  wires a f t e r  
be ing  f i l l e d  w i t h  mercury. S i lver  virc  en<s are f a s t ened  w i t h  t h e  lead 
wires i n  a n l a s t i c  block anproximately 1 cm a n a r t .  The icon i s  c a r r i e d  
around the  le? and f a s t e n e 6  on the semicircular n l a s t i c  block and 
a d j u s t e d  on t h e  phosohohronze str ip of metel u n t i l  t5e t e n s i o n  is 
equa l  t o  t h e  2n g t s n s i m  use2  i n  c a l i b r a t i c n .  C a l i b r a t i o n  stanl!  i s  
shown i n  r i q u r e  1-2 an?. qauge as munter !  on t h e  lea i s  shown i n  F igu re  
1-3. 
The gauqes a r a  s t a b l e .  T E s t s  ove r  a s i x t v - r i n u t e  s e r i o d  gave 
changes randomly s i s t r i b u t e d  about  zerv  an2 w i t h i n  the ranqe  -0.122%LV 
t@ +0.04% .I; v. 
Imnrovements f o r  t h e  gauge d e s i g n  a r e  s h o w  i n  t h e  fahrica- 
t i o n  drawing w i t h  a materials list i n  Fisurc! I-4, 1-5. 
The q u e s t i o n  - of A r t i f a c t  - and Frrcr ----_) i n  t h e  USC of t h e  Vhi tney  C-awe -
The covnar i son  of conven t iona l  Fethc?c?s and t h e  s t r a i n  gauge 
technicrue has  been made by C l a r k e  and Ee l lon  i n  1957.  T h i s  d i s c u s s i m  
of a r t i f a c t  an3 error t r i l l  n o t  nega te  t h e  close ccrresnondence of 
s t r a i n  gauqe Trethod and convent iona l  velum nlethvsmomanhy but w i l l  
i n d i c a t e  t h e  p i t f a l l s  of t h e  method when it i s  qxtended beyond t h e  
s t anda rd  u s e  i n  vh ich  it can be comared w i t h  a water- o r  air-filled. 
plethvsmogxeph. 
an? worn d u r i n g  e x e r c i s e  and d u r i n g  tilt prcceckrcs  an8 i n  these 
c o n d i t i c n s  it cs.nnot he corwared w i t h  o r a t e r - f i l l e d  a w a r a t u s .  
?sat is tc sav, t h e  Vhitnev oauge can be i n s t a l l e d  
rrr m e r a t u r e  indvce2 errors ir! uncompensa-ted gauges, such as 
have Yzen used,. w i l l  n o t  he  s r e a t  under  t h e  c o n d i t i m s  ef t h e  tilt 
t a b l e  ? x n e r i m n t .  I f  room temperature i s  P a i n t a i n e d  so t h e  s u b j e c t  i s  
w a r m  sc as t o  have a r easonab le  s k i n  blocd f low wi thou t  sweat ing ,  t h e  
errors i n  t empera tu re  w i l l  be minimal. 
of t h e  leu do in2 ica te  s l i g h t  shifts i n  t e a o e r a t u r e  and an idea l  gaucre 
wculd i n c l u d e  t h e  tempera ture  comnensation c i r c u i t  which was ?evis;ec? 
by '!'hitney and has been demonstrated t o  be f u n c t i o n a l  ove r  a temperature 
range from O o  to 3 7 O  C hy Eonda ( 1 9 6 2 ) .  
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I 
:lotion and- P o s i t i o n  A r t i f a c t  t 
d 
I n  these e x n e r h e n t s ,  t h e  gauges were c a r e f u l i y  p c s i t i o n e ?  
zroua3 t k  ::mxirufl: c i rcumference  of t h e  calf of the le?,  e 1:- 
stran&?d c:auq.e vss carr;5ci.liy 2 c s i t i c n e S  t c j  s c v o r  t h i s  c i rcumferencc .  
-'e hnvc testec: possihle a r t i f a c t s  bo th  i n  tilt ark  d u r i n r  Eega t ive  
y r c s s u r e  by p c s i t i c n i n g  gauges proximal and ilista!. tc; t h e  ~3uq.c a t  
"I.?IV~F:X? c i rcumference  i n  such a p o s i t i o n  SO t h z t  t h e  gauqes are one 
~ciiti:=etcr s h o r t e r  t h n  t h e  n a x i n a l  c i rcumference  g a u ~ e .  A series 
c? tilt e x p e r i m n t s  are shown i n  t h e  acconpanyinc f i g u r e s  t o  shcw t h e  
cc r r c spon iknce  of t h e s e  qaugcs and t h e  tilt proce3.ure. A stanci.ard 
tilt ( F i q u r e  I . - -6)  and a measure of blcod f low wi th  venous o c c l u s i c n  
(Fitsure 1.~7) show the correspondence.  To t r ; a t  f o r  a r t i f a c t ,  an ar- 
t e r i a l  o c c l u s i o n  cu f f  was placet on t h e  t h i g h  aril i n f l a t e d  t o  200 rm 
ci: n z r c u r y ,  ?he tilt was then  repeatez. .  An i n s p e c t i o n  of t h e s e  
r e c o r d s  3 t l m ~  th t  t h e r e  i s  scme leakage i n t o  t h e  l i m b  w i t h  t h e  c u f f  
oriJ seen i>y a r i s e  i n  t h e  b a s e l i n e .  ?'he r.-.ost markel! d i f f e r e n c e s  arc? 
betwsen t h e  U F F E ~  or p r c x i x a l  gauge and i t s  c o u n t e r p a r t s  more d i s t a l  
2 m i f i q  til'. ( F i g u r s  1-31 V i t h  venous e c c l u s i o n l  thE qauges also 
lExk corres:cndence (F igu re  1-29) . There are twc p o s s i b l e  i n t e r p r e t a -  
t i c n s  of t121.s v c l c x  chanqe. One is  a s l i g h t  sh i . ? t  i n  t h e  :?usclc 
-:ass unCer t he  gaups  - t h e  second is t h e  p c s s i b i l - i t y  of r e d i s t r i b u -  
t i o n  of b l o o l  i n  t h e  columns of t h e  v e i n s .  SliTht c h m g e s  ir: t h e  tilt 
t a b l e ,  2 s  we11 as maneuvers which cause s l i g h t  chanrres i n  p c s i t i o r ,  of 
t h e  lea,  such as pushinq on t h e  k.nee or p u l l i n g  a t  t h e  a n k l e ,  g i v e  
s iT? i l a r  b u t  much szaller changes i n  t h e  gauge e lec t r ica l  o u t p u t  
(."i;ure 1-13) Zxperiraental  rianeuvers which cause  t h e  knee t o  be 
f ixed  i n  F o s i t i o n  du r ing  the tilt do n o t  e l i i ? i n a t e  t h e  a r t i f a c t  s h c m  
ir, t k .2  i n i t i a l  f i g u r e s  ( F i g u r e s  1-11 and 1 - 1 2 ) .  
An exy?er i ren t  was dev i sed  t o  de termine  i f  t h i s  a r t i f a c t  
el r is t -s  w i t h  the a p p l i c a t i o n  of nega t ive  p r e s s u r e  t o  t h e  leq. There 
i s  a clear  c i i f fe rence  i n  t h e  t'nree gauges - m a i n  showing a chanqe 
i!arinS a r t e r i a l  occ lus ic r ,  which n ight  be i n t e r p r e t e d  as a s h i f t  i n  
31cmii fros;. +,he upper p a r t  of t h e  leq t o  the lov7er (P iqu res  1-13, 
I - - 1 2 ;  1-15) ., ? - e d i s t r i b u t i o n  of blood r a t h e r  than rmsc le  s h i f t  seem 
3 better e x p l a n a t i o n  for t h e  d i s c r e p a n c i e s  based OR t h e s e  experir+?ents .  
:%se tes ts  b r i n q  i n t o  s e r i o u s  q u e s t i c n  t h e  use  of t?ie 
gaucje 2s an inCex of leg  volume change i n  t!?e tilt t a b l e  tests. They 
50 n 3 t  i n v a l i 4 a t e  t h e  d a t a  such as were ol?tair,ed i n  t h e  b e d r e s t  study, 
\ 
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b u t  t h e y  s e r i c u s l y  cor:strain t h e  i n t e r p r e t a t i o n s  which may be ?.ade. 
I t  eppceu-s t h a t  error i s  rr.inimal, or a t  l e a s t  cor?pensatorye  hen %he 
n?~r?re . -  is  laced a t  mximal  l e g  c i rcumfsrence  
c a p a c i t a n c e  Trans2ucer  f o r  Volume Change ---
Czpaci tance  Tnetko2s f o r  p l e thysnograyh ic  c e a s u r e n e n t s  have 
been ?resented.  by Iiyrnan, e t  a1 ( 1 9 6 3 )  [ i n  ad.apt3.tion of a n  ear l ier  
method! proposed by F i F a r  (1953)] and Fewincs and Yhelan ( 1 9 6 6 ) .  The 
p h y s i c s  of t h e  c a p a c i t a n c e  systers an?. i t s  a p p l i c a t i c p  t o  plethysp.ography 
has been descr ibed-  by Pewinns and TThelan (unpubl i shed)  and i s  p r e s e n t e ?  
here 
The c a p a c i t a n c e  x t h o d  for  r e c o r d i n c  volur3.e chanoes i n  a 
1ii.b c o n s i s t s  i n  p a s s i n q  a c o n s t a n t  c u r r e n t  a t  c=! fi::er' f requency across 
c? c a p a c i t o r  formed by t h e  s u r f a c e  o f  the l i ~ h  an? the plsthysmoqranh 
p l a t e  which sur rounds  it. These two 'plates' are s e p a r 3 t e d  by a 
unifor:: c l i s tance .  Changes i n  vo1uT.e induced by venous o c c l u s i o n  a l t e r  
t h e  d i s t a n c e  between t h e  +,pro p l a t e s  2nd t h u s  produce chanqes i n  elec- 
t r i c a l  c a p a c i t y  which can be d e t s c t e r '  a s  v o l t a q e  changes.  Capac i ty  (c) t 
volume ( v )  and v o l t a q e  (e)  can 4e r e l a t e d  by t h e  follo17inq equa t ion :  
Fi A 
d c =  
where 2. = T ? ~ Z . R  s u r f a c e  area,  d - mean d i s t a n c e  be tveen  arm s u r f a c e  an.? 
olethys-oc-raok plate 
v = x2 ~d 
where V = volune of t h e  space  between t h e  arm s u r f a c e  and t h e  
T le thysmcyaph  p l a t e :  
I 
j wc 
- . - -  
I 
rcrhzre 5 = c u r r e n t ,  j i s  c o n s t a n t  and w = f requency.  
c o n s t a n t  then 
I f  I ani? w a r e  
1 
By s u b s t i t u t i o n  it i s  found t h a t  V = - c and V = E for a- f i x e d  
frequency I c o n s t a n t  current svstem. I n  such a svstem, however I two 
tyres of errors r . u s t  be eons i<ered .  
(1) Those due t o  i m p e r f e c t  cor re la t ior? ,  between vclurw an5 c a p a c i t y  f o r  
a c o m t a n t  s p c i n g  betw!en t h e  plethysr.ograFb. and a r n q  
t h i s  t ype  of error can be k e p t  below 1% i f  t h e  ratio of t h e  plethysmo- 
graph ' p l a t e '  c i rcumference  t o  a r m  circur.?fcrence i s  less t h a n  1 . 4 .  
I n  p r a c t i c e  
I 1 2  
I 
(2 )  Those 6ue t o  a non-uniform spac ina  hetween t h e  p l e thvs rogranh  and 
a r m  which must occur  because a smal l  ran9e  cf p l e t h v m o g r a p h s  i s  used 
for  a l l  arms an5 t h e  expansion of t h e  f o r c a r p  c7vring n e r i o d s  of  v, “nous 
occ lus icn  i s  not necessarilv u ~ i f o r r ; .  This tyne or‘ e r r o r  can be kcnt 
below 5% by u s i n g  a spac ing  of 1 . 2 5  - + 0 .25  c m  between t h e  nlethysmo- 
graph an3 t h e  forearm. Th i s  sFac ing  a l so  p e r m i t s  a l i n e a r  r e l a t i o n s h i p  
I 
I 
I between c a m c i t y  and volume. 
As t h e  plethysnogra?h a c t u a l l v  measures t h e  v o l w e  of the 
space between t h e  Dlethvsmograph and t h e  s u r f a c e  of t h e  forearm,  i . e .  
t h e  volume between t h e  plates ,  it i s  necessa ry  t o  r e l a t e  t h e  cmac i tv  
and volume of t h i s  a n n u l a r  space .  The c n p a c i t y  between t h e  plethysmo- 
graFh and arm s u r f a c e  i s  g iven  by t h e  e q u a t i o n  i 
I /kl F2 L c m  u n i t s  .............. 1 
where C t  = t o t a l  c a p a c i t y  between plethysmoqraoh and a r m  
P1 = mean arm circumference 
- 
- 
P2 = mean plethysmograph c i r c m f e r e n c e  
d = mean d i s t a n c e  between plethpsmcaraDh and arm 
L = e f f e c t i v e  l e n g t h  of plethvsrnogranh. 
The t c t a l  velume between t h e  plethvsmoqranh and arm (TTT) is  g iven  ?v 
2 ...........s0.2 
S u b s t i t u t i n a  i n  equa t ion  ( 2 )  for d o h t a i n e d  from e q u a t i o n  (1) I 
2 VT = (P1 + P2) . L ml 
2 
I n  p r a c t i c e  C, i s  neasured  f r o n  a v a r i a b l e  capacitor c a l i b r a t e $  i n  
p i c o f a r a d s  (p;) and 1 FF = 0.9 cm. I 
i 
. 
2 I n  p r a c t i c e  wi th  t h e  spec i f i ed .  spac ing  and r a t i o  hetween P 
e q u a t i o n  ( 3 )  beco res  
m e  P 1 
m l  2 A - ' T  - 
T 3 . 6 . r  C 
where  "? = 1 / 2  ( a r e a  forearm + a r e a  plethvsrnoqraph Dlate) sa.cm. 
The volume of the a r n  (V,) can t h e r e f o r e  be c a l c u l a t e d  frorr! 
e u u a t i o n  ( 5 )  
= v - I? m l  va r? t 
where Vq = volune of nlethysmoqraph. 
'The  t h e o r y  of o p e r a t i o n  i s  hased on t h e  f r i n g i n g  f i e l d  
hetween olethystnograph and ar-! being e n t i r e l y  tuned  o u t  w i t h  no a m  i n  
p l a c e  and voluae  an6 c a p a c i t y  be ing  measured i n  t h e  space  between t h e  
plethysmograph and arm w i t h  normal  p l a n e s  1 i P i t i r . g  both t h e  vo1u;re and 
t h e  e l ec t ros t a t i c  f i e 1 6  w i t h i n  t h e  c a n a c i t o r .  I n  p r a c t i c e  t h i s  i s  n o t  
n o s s i b l e  b u t  by shaping  t h e  end s c r e e n  t h e  sare e f f e c t  i s  achieved  a t  
t h e  expense of t h e  loss of 0 .5  c m  of plethysmograph l e n g t h  a t  each ens .  
The r e l a t i o n s h i p  between volume change (&VI and c a p a c i t y  
change ( P . C )  i s  l i n e a r  a t  a spac ino  of 1 . 2 5  - + 0.25 c m  and i s  criven by 
t h e  e q u a t i o n  ( 6 )  
............... 6 
where  A = a r e a  of arm s u r f a c e .  
:This e u u a t i o n  h o 1 . d ~  t r u e  f o r  w i d e  v a r i a t i o n s  i n  n V  nrovided  t h e  
spacir,g hetween t h e  plcthysmograDh and arm is  w i t h i n  t h e  n r e s c r i b e d  
l i m i t s .  Eouati.cn ( 6 )  a n p l i e s  t o  t h e  s i t u a t i m  i n  which t h e  vcl-cm 
change i s  8 i s t r i b u t e d  crJuall;r over t h e  er,tire forearm.  In t h e  u n l i k e l y  
even t  t h a t  a l l  t h e  volume change i s  l c c a t c d  i n  20% of t h e  f o r e a m ,  t h e  
error involved  i s  C l e o % .  
a 
1 4  
’Calibration. The most practical way to calibrate the 
capacitance plethysmograph electrically is to ifitrodwe an inductance 
iil series with a cariacity equivaient to the capacity betwcen the 
plethymograph and a m  to give a voltage change of the same order as 
the changes produced by resting blood flow measurements. 
“If a substantially constant current cf 1 a.m~ he s e n t  throuqh 
a capacity CT at a constant frequency w. then using vclt, amp and farad 




F =  
volts 1 E =  & I ? =  
W(CT + A C )  
IAC Volts 
w CT 2 












Substituting in equation for AC obtained from equation 7 and putting 
1 farad = 9 x 10 cr 11 
- 2  
............... 8 
........ L......9 
where Lc = inductance in Henries 
therefore, substituting in equarion ( 8 )  for - I1\F obtained from 
equation ( 9 )  
1 
.............. 10 
The surface area of the arm is the only variable in eauation (10) as a 
value can be chosen for Lc (a circuit constant) so that the voluFe 
increment is of anv desired value. (In this particular case with a 
circuit freuuency of 6.59 Mc/sec an inductance of 0 . 2 7  gives a volume 
increFent of the order of 4.0 ml). The actual calibraticn c?f the 
Rlethysmograph i s  e f f e c t e d  by intr&u.cing t h e  c a l i b r a t i o n  inc!uctance 
i n  series wi th  a c a p a c i t y  e a u a l  t o  t h a t  between t h e  plethysacmragh an? 
a r m .  This causes a d e f l e c t i o n  of the pen recorder e q u i v a l e n t  t o  t h e  
kncwn velume i n c r e n e n t .  
vo1w.e increment  of 1 0 nl is rearqily calculated. 
From t h i s  s t ep ,  t h e  d i s o l a c e v e n t  caused by a 
F igure  1-16 ,  1-17 shows t h e  wire n e t  which was used a s  capa- 
c i t a n c e  dev ice .  
g a u q ~ ,  7 s t r a n d ,  34 gauqe wire F l A s t i c  ccvercd  on a N o .  10-1/2 k n i t t i n g  
needle .  
cpnnectecl t o  t h e  zirn w i t h  a sma l l  s i l v e r  ? la te .  
cclored n e t t i n q  serve$ as t h e  c a n a c i t o r  p l a t e  which was r e f e r e n c e d  t c  
t h e  ZIT. T’lc ,cAcctrodcs were sunnlic.’ F r e n  a Piocor? ’“Idel 5 5 0  raoaci- 
t a n c e  P l e t h v s r c a r a r + ,  This is an &c\ kc q c n e r a t c r  cana510 6f handl inq  
290 t c  1 0 0 0  ;“E” wi th  an o u t p u t  v o l t a c e  OF 5 *W/DF - .  
I t  i s  a dcuble-wire n e t t i n g  which waq k n i t  f r o p  26 
mhe c u t e r  2ark n c t t i n q  served as a. s h i c l d i n q  qround and was 
Thc i n n e r  l i g h t z r -  
C a l i b r a t i o n  was accomplished w i t h  a f l a t  b a l l o o n  i n t o  which 
s a l i n e  is i n j e c t e d .  
F igu re  1-18 is  t h e  record from an experiment  comoarinq t h e  
c a p a c i t a n c e  Gauge and s t r a i n  gauge c7uring a p p l i c a t i o n  of n e o a t i v e  
p r e s s u r e  t o  t h e  arm (unper)  and dur inq  venous o c c l u s i o n  (lower). 3- 
r e c o r d  2 u r i n g  t h e  tilt orocedure i s  shown i n  V’iqure 1 - 1 9 ,  1-20. 
recorcls a r e  q u a l i t a t i v e l y  similar.  
are r e l a t e d  t o  t h e  ampl i tude  of the expressj.cn of a r t i f a c t s  such a5 
l i m b  moverent. 
These 
The sma l l  q u a n t i t a t i v e  d i f f e r e n c e s  
I m D e  danc e 
I f  t h e  l e n q t h  of a c y l i n d e r  i s  c o n s t a n t  and t h e  volume is  
changed by a change i n  cross-section, t h e  change i n  r e s i s t a n c e  is 
p r o p o r t i o n a l  t o  t h e  chanqe i n  volune. 
,c‘ where i s  specific r e s i s t i v i t y .  
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a!na D V  = - v R 
T h e  p h y s i c a l  S n s i s  f o r  i???edance chanyes rc la ted t o  vc1uF.e 
c h m g e  are  thoxoucihly 6 i s c u s s e d  by ~ y b o c x  ( 1 9 5 9 )  
I n  t h e s e  testsy two teclmiqxes were use(: - a ~ m - e l ~ c t r o ~ e  
tE.clinique s i r . : i l a r  t o  t h e  -'yhoe3^ teci ic ique w i t h  twc 1 CT e l e c t r o d e s  
s u p l i e d !  f r w  2 3iccon  P'odel 9 5 1  inmedance transrTucer, 50 KH a c t i v a t i o n ,  
and a f o u r - e l e c t r o d e  t echn iqce  Gescribed by A l l i s s n  (1967)  s u p p l i e d  
f r o n  3 Eagnc E l e c t r i c a l  I rqc6ance  Piethysz!oqri+ph Noc'cl 1 3 2  (50  ::I 
a c t i v a t i o n )  
i:orflparison of t h e  k-pedanee t echn icye  wi th  t5e T-hitney gauge 
were ri-ade. The r a t i o  of chanqe was used as an i n d i c a t i o n  of conformi ty .  
Plots of t h e  r a t i o  of thE r e sponse  OF the imped.ance change t o  t h a t  cf 
t h e  r e s i s t a n c e  changc show the l a c k  of correspondence between t h e  ou t -  
?ut of t h e  tvo systerrs  ( F i g u r e  I-2i). 
The a p p l i c z t i o n  of a t r anscu taneous  Doppler ( d e s c r i b e d  by 
?='Ushmr3 e t  al, 1 3 6 6 )  would perr?.it r e c c r d i n g  of t r a n s i e n t  changes i n  













Nonz of the system tested secv qualifie6 for in flight use. 
~ z c h  m u s t  he used p i t h  qreat care in carefullv controllei! laboratory 
experiments. Interoretatirn cf Zata  obtained frop tilt t a b l e  or 
negative pressure r u s t  be regard.e6 as t en ta t ive  due t o  t h e  pcssibil- 


































Schematic record shooring time seuuence of t e s t s  and 
measurements (see text). 
T e s t  s e t  up. Yilt-table in foreground, table for leg 
negative pressure test adjacent. Clocks, electronic 
equiment and nolygraph were in view of suhject during 
tilt. 
5caled drawing of negative pressure aqplication device. 
View ef the negative pressure anplication device asseqbled. 
ODened neqative pressurc application device. 
En2 view showina inserts t o  provide for s e ~ l  et lea. 
Granhic presentation of tilt test. Systolic, diastolic and 
mean blond nressure in upner traces. Feart rata in lower 
trace. Set number description in Table 11-3. 
GraDhic nresentation of le9 volwc change durinq first 
three minutes of tilt. Vzlucs on ordinate a re  tc Se 
multinlied by 2 , s  to obtain per cent chanqe in va1w.e. Set 
number description in Tab le  11-3. 
1 r  
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PAP.T II 
' ' I n t r e d u c t i o n  
The bedrest  s tudy  under t h e  d i r e c t i o n  of n r .  E.  Bernauer and 






ba lance ,  basal netabol i sm,  wcrk metabolism, f l u i d  m a c e s ,  body compo- 
s i t i o n ,  s t r e n g t h  tests,  renal function, blood and u r i n e  cornnosition. 
A t o t a l  of 1 0  s u F j e c t s  (TaFle 11-11 were used. F i g h t  were c m f i n e 6  t o  
bed. cn t h e  c a l e n d a r  schedule  shown i n  Table  11-2. Pour of the hedrcst  
s u b j e c t s  e x e r c i s e d  d a i l y  (1 hour a t  50% c?f rnaxitnul.1 c a n a c i t v )  
The s t u d i e s  renorterl here were ccncerned w i t h  an cval .uat ion 
of c a r d i o v a s c u l a r  f u n c t i o n  fol lowino k c d r e s t .  F e a r t  rate and bloc4 
n r e s s u r e  served as r e f e r e n c e  ar-d ccmnarat ive v a l u e s  f o r  other tests. 
Procedure 
I n  o r i e n t a t i o n  sessions dur ing  t h e  t w o  v ~ ~ k s  prior t o  t h e  
study, each subject prcvidcd  a p e r t i n e n t  medical h i s t o r y ,  r ece ived  a 
f u l l  e x p l a n a t i o n  of t h e  procedure and undcrwent a comglcte tilt t a b l e  
an2 n q a t i v e  pressure  (NP) run ( in f r a  vide). 
During t h e  s tudy ,  each subject was run  before and a f t e r  bed- 
rest accord ing  t o  t h e  ca l enda r  of exper imenta t ion  (Table 11-2). 
I n i t i a l l y ,  a.m. and p.m. d u p l i c a t e  runs were conducted a t  12-hour 
i n t e r v a l s  u n t i l  s u f f i c i e n t  d a t a  were accumulated regarding c i r c a r d i a n  
variation. On t h e  morning of the  conclusion of bedrest, the subjects 
were transferred t o  t h e  tilt table without  r i s i n g  from h o r i z o n t a l ,  and 
t h e  f i rs t  p o s t - B R  was performed. Followinu 2-1/2 hours  of standard- 
ized activity, thc. subjects  were run a c a i n .  The evenina of t h e  s a m e  
day, 12 h@urs p o s t - R R ,  2 third run was per~orma?. The fo l lowina  
x c n i n g ,  24 hours  o o s t - R R ,  and the rnornings of d a y s  3 ,  5 ,  7 mxt-m, 
a d d i t i o n a l  runs  were rrade. 
'JP runs, a r e a s u r m e n t  of lower lea blood f l o w  by veneus o c c l u s i o n  
plethysmogranhy was made befcre and sfter bedrest as detailed i n  t h e  
calendar of cxTerimentat ion.  
I n  a d d i t i o n  t o  t h e  r e g u l a r  tilt t a b l e  and 
The protccol (F igure  11-11 for each run commenced with an 
I 
I 
e q u i l i b r a t i m  perie?. on t h e  5 c r i z a n t a l  tilt table for  a mininun of 15 
rinutes. I n  t h e  f i r s t  1 0  minutes, t he  necessary  in s t rumen ta t ion  w a s  
accomplished and the subjects  were b r i e f l y  t i l t e d  t o  70° followinq 
* *  Table 11-1 
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K. C, 
J. v ,  
G .  J. 
D Q  S. 
C Q  L. 
n.  s. 
s W 
:!eight 
5 ' 9 '  
5'10' 
5 ' 6'' 
5 ° 8 ' i  
5 '  9-1/2' 
5 v 8.: 
6 1 2 ; :  
5' 10'' 
5tgdc 
5°10-1 /2F1  
'.!e iqh t 
1 3 3  l b s .  
150 lbs. 
142 l b s .  
1 5 5  lbs. 
1 5 5  lhs. 
137 lbs. 
1 5 7  lbs. 
150 lhs. 
164 l b s .  
171 lbs. 
Age -
1 9  y r s ,  
19 y r s .  
20 y r s .  
20 y r s .  
1 9  y r s .  
1 9  yrs. 
2 1  yrs. 
13 yrs. 
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i n s t r u m e n t a t i o n  t o  minimize b&\i movc?ent r iur ins  t h e  subsequent  tilt 
orocedure .  I n  t h e  f i r s t  f i v e  minutes of w a s u r e n e n t ,  t h e  E W  and leq 
c i r c u a f e r e n c e  measurenent r a n  con t inuous ly  a r d  t h e  b h x ?  q z e s s u r e  was 
reco rded  a t  mkxits 12 and 14. 3t F i n u t e  S p  tilt t o  70° was accm- 
plishec? x a n u a l l y  ove r  a 15-second p e r i o d .  T i l t  was main ta ined  for  15  
minutes  or u n t i l  c l i n i c a l  sims of qresyncopy were Y a n i f e s t .  Electro- 
cardiogram, and l e g  c i rcumference  were recorded c o n t i n u m s l v .  P ~ l o c d  
m e s s u r e  was measured a t  minutes  1 7 ,  20, 2 3 ,  2 6 ,  29.  -?it n i n u t c  30, t h e  
s u b j e c t  was r e t u r n e d  t o  t h e  s u n i n e  n o s i t i o n  o v e r  a 15-second p e r i o d .  
Tur ing  v i n u t e  30 t o  35, EKC and leg c i rcumference  m r e  recorded 
c o n t i n u o u s l y  and t h e  klooc7 p r e s s u r e  measure2 a t  minute 31 and 3 4 .  A t  
minute  35, t h e  s u b j e c t  was t h e n  t r a n s f e r r e d  from t h e  tilt t ab le  t o  a 
f l a t  t ah l e  fo r  a n n l i c a t i o n  of t h e  VTP device. Yeasurements of FIG and 
leg c i rcumference  were reccrded con t inuous ly  d u r i n g  t r a n s f e r .  After 
5 minu tes ,  d u r i n q  which FKG and leg c i rcumference  were Teasured 
c o n t i n u o u s l y  a n l  t w o  blood Dressure m e a s u r e w n t s  were made, 30 nlnl Wg 
n e g a t i v e  p r e s s u r e  was apDlied t o  t h e  l e f t  l e u  i n  3 s t e p s  of 1 0  n.~\ I!g 
fo r  5 minutes  each.  Pach s t e p  of 10 mm Eu  v e s  a c c o m l i s h e d  i n  about 
5 seconds,  Data were recorded f o r  5 n i n u t e s  fo l lowinq  release of T. 
EKG and le? voluye of bo th  legs were recorded con t inuous ly  d u r i n ?  t h e  
n e q a t i v e  p r e s s u r e  %est aIz? blooC: p r e s s u r e  a t  t h e  seccrnc! and f o u r t h  
minute cf each period. The t o t a l  r u n ,  i n c l u d i n g  i n s t r u m n t a t i o n ,  
averaqed a b c u t  79 v i n u t e s  per subjec t .  
The o v e r a l l  expe r imen ta l  s e t u p  f o r  u s e  i n  tests before an8 
a f t e r  hedrest s tudy  are sham i n  P iqure  11-2 .  The tilt table  187as 
c h t a i n e d  from t h e  PflsnneC! S n a c e c r a f t  r e n t e r  and nlodified wi th  t h e  fmt 
s u n p o r t s  to hold t h e  legs and fee t  frw novernent du r inq  tilt. Small  
n o t e n t i m e t e r  was mounted on t h e  table i n  a h a t t e r v - s u p p l i e d  wheat- 
s t o n e  bridge so t h a t  t h e  a n y l e  of t h e  t ab le  coulc? be recorded. The 
s u b j e c t  was rnoved frml t h c  tilt table t o  t h e  l a r g e  t a b l e  SO t h a t  
racLja+- . j \ l c )  -p-casure could  be a m l i e d  t o  t h e  l e f t  leg i n  t h e  can shown i n  
t h e  F igu re .  
which w a s  a d j u s t e d  and rea6 fron a nercury manometer. The t w o  small 
p a n e l s  c o n t a i v e d  t h e  instrumentation t o  a c t i v a t e  and record from t h e  
Fauges a s  w e l l  as record blcod p r e s s u r e  and h e a r t  rate.  Cuf f s  f o r  
blood p r e s s u r e  c-ere i n f l a t e d  from preset t ank  p r e s s u r e .  
gauges were act ivated f r o r  a Parks  Mode1 270 b r i d g e  and t h e  o u t p u t  of 
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. t h e  b r i d g e  fed through t h e  CEC Yodel 1-155 s x p l i f i e r s  i n t o  the  o p t i c a l  
r e c o r d e r .  The EKG was f e d  through t h e  CFC a x m l i f i e r s  t o  t h e  recorder. 
Blood p r e s s u r e  !.re rc:cc,rdeG with an II b Pi :lectrosphygrnograph Vark I V  
system. The s t r a i n  qauge reccrded  the Tresstire i n  the mgat ive  
p r e s s u r e  tank 
:he neya-tive prc2ssure can, o r  “‘cLas:-car,’ as it cane t o  be 
kncwn, was b u i l t  s p e c i f i c a l l y  f o r  t h e s e  tes ts  and w.7;~ used i n  
p r e f e r e n c e  t o  lower body n e g e t i v e  p r e s s u r e r  s i n c e  t h e  o b j e c t  of t h e  
n e a s u r e x e n t  vas chanpc i n  v o l u r c  of t k e  l e g  and prcblems involved  w i t h  
r e s p e c t  t o  s h i f t s  cf blood d i s t r i b u t i o n  and, ~7hen t h e  lower bcdy i s  
invo lved ,  i n c l u d e  more t h a n  Tusc le  an<: ski.: i n  t h e  l e g .  The can i s  
shown i n  p r o s p e c t i v e  i n  F i g u r e  11-3 and i n  t h r e e  views of t h e  d e v i c e  
i n  F i g u r e s  11-4, 11-5, 11-6, A s  sholrln i n  t h c  f i n a l  f i q u r e  cf t h e  can ,  
i n s e r t s  wcr2 rlade approximately t c  fit  t h e  l e g  t o  p r e v e n t  t h e  s c a l i n g  
rubbe r  apron f r o r  be in9  suckecl i n t o  t h c  cm.  
Z’guip5Aent - anC T.:athodology 
All d a t a  was recorded  on a (3C Recording O s c i l l o g r a r h  #5-124 
u s i n q  a paper spee6 of 4 . / n i n u t e .  
T i l t  
A s t a n d a r d  tilt t a b l e  wi th  a pneuna t i c  s a d e l e  w a s  nsed 
(F igu re  11-21 
a b a t t e r y  powered. 5 I< 
pluqgeci d i r e c t l y  t o  a l i g h t  qa lvononeter  on t h e  o s c i l l o q r a p h .  
e v e n t  marker was wired  i n t o  t h i s  s y s t e r .  
The s l o p e  of t h e  tilt and recline was recorded  us inq  
po ten t i cme te r  i n s e r t e d  a t  t h e  ax is  p i n  and 
An 
N .  P. 
A commercial vacuum c l e a n e r  s u p p l i e d  KP t o  a g a l v a n i z &  
Can p r e s s u r e  w a s  monitored by a mercury nanometer i n s e r t e d  
‘clam-can,  
s u b j e c t .  
i n  a ‘I- . l ine w i t h  a Statham d i f f e r e n t i a l  p r e s s u r e  t r a n s d u c e r  whose 
s i g n a l  was a m p l i f i e d  by a CZC C a r r i e r  .APT 1-118 and recorded  on t h e  
o s c i l l o g r a p h .  
(F igu re  1 1 - 2 )  s e a l e d  around t h e  upper l e f t  t h i g h  of t h e  
Hea r t  Rate 
B e a r t  ra tes  were c a l c u l a t e d  by 15-second. i n t e r v a l s  t aken  
f r o n  ccn t inuous  EKG r eco rd inTp  d e t e c t e d  by chest l e a d s  and u s i n g  CEC 
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4 2 : 
3lood P res su re  
' t  
Blood pressurc-? was measured a t  2-3 minute i n t e r v a l s  u s i n 9  a 
rap12 i n f l a t i o n ,  p ic rophone  equinped 15 c m  c c c l u s i c n  c u f f  on t h e  l e f t  
arrco The E & '4 Electrosphygaogra93 I I Y  1'7 s i g n a l  was arr,plifie?. by an 
T & '' Physiogranh PIK VI1 and p r ~ s s i x c  tcarinrrs r p ~ ~ ) - d e d  CL? the 
c s c i l l o q r e p h .  The 9eak p r e s s u r c  ~ 7 2 ~  he15 a t  2C0 ran Z-lcr cn t h e  Tlectrc- 
sphygmograph qauge for  1 second an,: t h e n  allowed t o  dec rease  thrcuclh 
an o r i f i c e  ove r  a 30-second nericd. The f i r s t  d i s t i n c t  scund wzs t aken  
as s y s t o l i c  p r e s s u r e  a n i  t h e  l a s t  d i s t i n c t  s o u ~ d  t aken  as d i a s t c l i c  
p r e s s u r e  Z 7 i r i - n ~  t h e  avesraqz 30-second b leedof f  
Le? Vclume 
A Louble-s t randed,  2 4  o e r c u r y - f i l l e d  s i l a s t i e  (.015 I D )  
i.%itney s t r a i n  gauae was a p p l i e d  t o  t h e  rwasured maximum circum- 
f e r e n c e  of esch c a l f  fo l lowing  s t a n d  c a l i b r a t i o n .  Gauge t e n s i o n  was 
2C c p s  d u r i n g  p r e  and p o s t  run  c a l i b r a t i o n s  a 2  t h i s  w a s  c l o s e l y  
a q c o x i L - a t e d l  on a p p l i c a t i o n  of t h e  gauqe t o  t h e  l e v .  Darks Yockl 270 
P le thysncgraph  D O C e  o u t l e t  s i g n a l  was a n o l i f i e d  by CEC 1-155 7 C  3 F P  
and recorded  on t h e  o s c i l l o q r a p h .  The change i n  volume was c a l c u l a t e d  
f r o r  t h e  c i rcumference  change wi th  t h e  approximations n o t e s  i n  P a r t  I .  
3 e s u l t s l  .- T i l t  Table  
The d a t a  have been assembled i n  sets which r e p r e s e n t  t h e  
ind.iviJ.ua1 and crrou? treatments i n  t i m e  i n  Table  11-3. 
Eaeart Rate and 3lood P r e s s u r e  7esponses  
-'bile these Cata  serve p r i n a r i l y  as a r e f e r e n c e  f o r  colnyari- 
SOI? w i th  o t h e r  s t u d i e s ,  a nurnber of nean v a l u e s  and d e r i v a t i v e s  a r e  
p r e s e n t e 6  i n  Table  II-40 
The t i-e c o u r s e  of chances i n  s y s t o l i c  and d i a s t o l i c  blooZ 
p r e s s u r e  and. i n  h e a r t  r a t e  are s'icwn i n  F i q u r e s  11-7 t o  11-35 
i n c l u s i v e .  
~ e g  volume Chancres 
"he leg volurre chant-e was analyzed a7ith r e s p e c t  t o  s e v e r a l  
f e a t u r e s  of t h e  t i p e  c c u r s e  of chan(re. The i n i t i a l  slope i s  termed 
~~ 
' 7  complete set  of 2.3-i;a on corq2uter s t a t i o n e r y  i s  appended t o  t h e  
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Upper row X2.5 is % A  v 
Lower row is standard deviation 















S a t  3 
Set 4 
Set 5 








Set  14 
S e t  15 
Set 16 
-0.000 0.151 0.563 
-0.0000 0.0982 0.1564 
-0.000 0.291 0.673 
-0.0000 0.0523 0.2426 
-0.000 0.105 0.049 
-0.0000 0.1255 0.5484 
-0.000 0.059 0.001 
-0.0000 0.0669 0.2670 
-0.000 0.162 0,555 
-0.0000 0.0446 0.2969 
-0.000 0.234 0.549 
-0.0000 0.0553 0.2319 
-0.000 0.249 0.593 
-0.0000 0.0960 0.1771 
-0.000 0.235 0.628 
-0.0000 0.0989 0.3398 
-0.000 0.310 0.650 
-0.0000 -0.0000 -0.0000 
-0.000 0.235 0,800 
-0.0000 0.1599 0.5663 
-0.000 0.204 0.657 
-0.0000 0.0551 0.1153 
-0.000 0.347 1.001 
-0.0000 0.0489 0.1323 
-0.000 0.147 0.377 
-0.0000 0.1210 0.1731 
-0.000 0.245 0.584 
-0,0000 0.1285 0.1845 
-0.000 0.0225 0.1631 
-0.0000 0.1006 0.2303 
-0,000 0.174 0.534 
-0.0000 0.173 3 0*2145 
0.862 1.661 2.255 2.562 
0.1906 0.1945 0.2168 0.2591 
0.936 1.868 2.271 2.499 
0.3202 0.2689 0.1988 0.2090 
0.098 0.932 1.442 1.835 
0.5564 0.7742 0.9492 1,0716 
0.286 0.857 1.364 1.942 
0.3411 0.4813 0.5061 0.4952 
0.789 1.594 2.079 1.954 
0.3701 0.3842 0.2630 0.83.83 
0.661 1.192 1.735 1.885 
0.3603 0.3578 0.4253 0.6851 
0.993 1.784 2.295 2.540 
0.2174 0.1980 0.2373 0.3157 
0.922 1.596 2.074 2.047 
0.3162 0.2720 0.2560 0.7027 
1.041 1.731 1.888 2.098 
-0.0000 -0.0000 -9.0000 -0.0000 
1.171 2.010 2.493 2.135 
0.6454 0.8849 0.8272 1.5547 
0.957 1.829 2.224 2.268 
0.1205 0.2458 0.2592 0.4242 
1.372 2.215 2.559 2.362 
0.1871 0.3914 0.3696 0.8206 
0.744 1.685 2.132 1.776 
0.2313 0.5664 0.5316 1.3403 
0.850 1.564 2.079 2.064 
0.2261 0.2732 0.3086 0.7620 
0.901 1.951 2.387 2.637 
0.2493 0.3807 0.5127 0.5102 
0.770 1.415 1.950 1.339 






















-0.000 0.234 0.834 
-0.0000 0.0898 0.2896 
1.123 1.946 2.363 2.166 
0.3967 0.4016 0.3486 0.8275 
-0.000 0.253 0.738 
-0.0000 0.0668 0.1597 
1.043 1.820 2.176 1.698 
0.1995 0.3131 0.3288 0.8268 
-0.000 0.173 0.421 
-0.0000 -0.0000 -0.0000 
0.573 0.938 1.329 1.690 
-0.0000 -0.0000 -0.0000 -0.0000 
-0.000 0.205 0.681 
-0.0000 0.0534 0.1097 
0.905 1.588 2.031 2.013 
0.1284 0.2546 0.2321 0.6512 
-0.000 0.272 0.733 
-0.0000 0.1135 0.1840 
1.014 1,810 2.097 1.523 
0.3156 0.4927 0.5817 1.2243 
1.147 1.908 2.131 0.437 
0.0620 0.2691 0.2791 1.2442 
-0.00 0.214 0.773 
-0.0000 0.0424 0.0546 
0.942 1.381 1.624 0.686 
0.2518 0.2960 0.3040 0.8253 
-0.000 0.325 0.759 
-0.0000 0.1033 0.2292 
0.911 1.748 2.239 2.410 
0.1060 0.1520 0.1611 0.2440 
-0.000 0.179 0.612 
-0.0000 0.0529 0.0922 
-0.000 0.318 0.829 
-0.0000 0.0349 0.1456 
1.144 2.033 2.408 2.434 
0.1947 0.2249 0.1956 0.3721 
-0.000 0.128 0.183 
-0.0000 0.0738 0.2466 
0.450 1.343 1.818 1.803 
0.2939 0.4424 0.4685 0.7405 
0.609 1.261 1.773 2.012 
0.2174 0.2812 0.2973 0.4327 
-0.000 0.165 0.334 
-0.0000 0.0830 0.1956 
0.845 1.773 2.233 2.296 
0.2002 0.2538 0.2657 0.4559 
-0.000 0.195 0.609 
-0.0000 0.0511 0.1690 
0.708 1.287 1.827 1.651 
0.2081 0.2299 0.2671 0.5840 
-0.000 0.208 0.543 
-0.0000 0.0699 0.1423 
1.062 1.870 2.331 2.340 
0.2115 0.2117 0.1932 0.4252 
-0.000 0.241 0.768 
-0.0000 0.0581 0.1595 
0.982 1.708 2.125 1.872 
0.1685 0,1913 0.1868 0.4891 
-0.000 0.244 0.683 
-0.0000 0.0533 0.1688 
0.807 1.334 1.608 1.894 
1.4779 2.5004 1.7654 1.2899 
-0.000 0.242 0.536 
-0.0000 0.4341 0.7225 
1.029 1.785 2.246 2.070 
0.2761 0.3918 0.3697 0.7041 
-0.000 0.219 0.737 
-0.0000 0.0701 0.2373 
1 
; S1 and i s  assumed t o  d e s c r i b e  t h e  venous f i l l i n g .  The second s lope 
( S 2 )  i s  assl-med t o  be relatec? t o  c a p i l l e r y  f i l t r a t i o n .  The f i n a l  p o i n t  
i n  t im on Slope 2 is  d e s i g n a t e d  T15 an2 i s  t h c  maximum f i l l i n g .  
Extrap~lztion nf ~2 to TO gives a va lue  of ava i la ’g le  i n i t i a l  f i l l i n ?  
c a p a c i t y .  The v a l u e s  appear  i r r  Table 11-4, 
P o s t - b e d r e s t  l eg  voltllrc changes wi th  tilt a t  0 and 2 . 5  hcu r s  
d e v i a t e d  so d r a m a t i c a l l y  from pres-bed values t h a t  t h e s e  cu rves  were 
d i g i t i z e d  ove r  t h e  f i r s t  t h r e e  m i n u t e s  (FiTures  11-36 t o  II-6C 
i n c l u s i v e )  The f i l l i n c  p a t t e r n s  a t  10 seconcls, 30 seconds and three 
;r.inutes were s i g n i f i c a n t l y  ( p  (‘.OS) lower a t  0 ,  2 . 5  and 1 2  hcu r s  p o s t -  
bcG..rest t h a n  p r e - b e d r e s t ,  A t  3 ,  5 and 7 days F o s t - b e d r e s t  t h e  f i l l i n - .  
cu rves  w e r e  s i g n i f i c a n t l y  lOv7ei: a t  3 minutes  a f te r  tilt, b u t  were 
s i p r i i f i c a n t l y  h i g h e r  a t  5 ,  1 0  and 30 seconds a f t e r  tilt. The f o u r  
s t u d e n t s  who w e r e  e x e r c i s e ?  d u r i n a  b e d r e s t  showed q r e a t e r  chanqes i n  
t h e  f i l l i n g  cu rve  than  t h e  f o u r  who did.  n o t  e x e r c i s e .  ‘?he v a l u e s  a t  
seven time i n t e r v a l s  are asser ,b le?  i n  Table  11-5 w i t h  t h e i r  s t a n d a r d  
d e v i a t i o n s .  
T h e s e  d a t a  are assenbled i n  Table 11-6 t o  F ive  t h e  r a t e r i a l  
f o r  c a l c u l a t i o n  of an  i n t e g r a t e d  score accord ing  t o  t h e  system sug- 
g e s t e d  by Senjamin, e t  al, (unpub l i shed) ,  
L e g  Plegative P r e s s u r e  T e s t  
Heart ra te  and blood p r e s s u r e .  A p p l i c a t i o n  of n e u a t i v e  pres -  
surE t o  t h e  l e f t  leg a t  i n c r e a e n t s  of  1 0  mm H g  up t o  30 mrn HU caused. 
t h e  h e a r t  r a t e  t o  i n c r e a s e  (Table 11-4). 
FL l-ie change i n  volume with change i n  p r e s s u r e  (dV/dP) or 
compliance w a s  altered. fo l lowing  b e s r e s t  i n d i c a t i n q  a d e c r e a s e  i n  




Values for the calf  filling curves at selected intervals t o  
give stancar? deviat icf is  (i.in?sr ezz5 value). These values should be 
multiplied by 2.54 t o  give percent change in volume. 
as shown in Table 11-3. 
Set designations 
I I 
1 Table 11-5 
TILT TABLE TESTS Values and standard deviation -
Yeasure 
SET 2 SET 3 SET 4 SET 5 
Heart Rate -













9.35 13 31 
99.221 
8.20 


















































TILT TABLE TESTS -- 
Measure 
C G i i d f t f  or1 
Heart Rate -
Avg P r e - T i l t  
During T i l t  
Max During T i l t  
Delta Hr Avg 
Delta Hr Max 
P c t  Delta H r  Max 
















P c t  Delta Hr Return 99.789 



















56 . 500 
























































TILT TABLE TESTS --
Measure 
Ccndition 
Heart R a t e  -
Avg P r e - T i l t  
Avg During T i l t  
Max During T i l t  
Delta H r  Avg 
Delta Hr Max 
P c t  Delta H r  Max 
Delta H r  Re turn  
SET 11 
62.500 
8 .05  
87 .213  
6 .25  
98.500 
6.39 
24 .713  
9 . 0 5  
36.000 
9.26 
159 .621  
21 .13  
-3.750 
4 .95  
P c t  Delta H r  Return  94.287 
7 .85  
SET 1 2  
69.167 
7 . 1 1  
90.140 
5 .17  
97.333 
5.47 






-4 .833  
5 .60  
92 .813  
8.72 
SET 1 3  
64.000 
6 .93  
100 .372  
1 3 . 1 7  
117 .000  
1 6 . 4 5  
36.372 
8 . 7 1  
53.000 
1 2 . 8 1  
182 .929  








1 0 3  000 
19 .42  
118 .000  
21.79 
40.000 
1 2 . 3 5  
55.000 
1 5 . 5 3  








8 .33  








145 .939  
1 2 . 3 1  
-4.500 








Avg P r e - T i l t  
Avg During T i l t  
Max During T i l t  
Delta Hr Avg 
Delta H r  Max 
Pct Delta H r  Max 
Delta Hr Return 
TILT TABLE TESTS -- 
SET 1 6  
70.000 
1 1 . 1 4  
98.816 
20 .23  
109 .333  
22 .03  
28.816 
9 . 1 1  
39 .333  
11 .37  
155 .575  
8 . 2 1  
-4.667 
3.06 
Pct Delta  Hr Return 93.164 
4 . 3 1  




18 .22  
108.000 
19.32 















99 . 000 




9 . 3 1  
147  204 
19.27 
-2.000 
8 .64  
97.804 




1 0 5  . 333 
0.00 
120  . 000 
0.00 













86 .800  
11.13 
94.000 
9 .52  
21.300 
11 .16  
28 ,500  
10 .25  





7 .73  
I 
TILT TABLE TESTS --
Measure 






Avg P r e - T i l t  65.500 69.000 66.000 





Avg During T i l t  80.989 80.948 83.910 





Max During T i l t  88.000 87.000 91.000 





15.489 11.948 17.910 
12.71 7.61 8.89 





Delta Hr Max 22.500 18.000 25.000 





P c t  Delta H r  Max 132.894 124.643 138.143 





Delta H r  Return -5.500 -4,500 -4.500 





P c t  Delta H r  Return 91.874 93.808 93.244 
4.65 4.38 3.62 
Measure 
TILT TABLE TESTS -
Heart Rate -
Avg Pre-Tilt 58.500 
7.76 
Avg During Tilt 92.040 
13.82 
Max During Tilt 110.000 
15.12 
Delta Hr Avg 







P c t  Delta Hr Paax 189.249 
24.50 
Delta Hr Return -4.250 
5.06 
Pct Delta Hr Return 92.407 
10.14 




































































TILT TABLE TESTS --
Measure 
Cn!?di t im 
Heart Rate -
Avg P r e - T i l t  
Avg During T i l t  
Max During T i l t  
Del ta  H r  Avg 
Delta Hr flax 
P c t  Delta H r  Max 
Delta H r  Re turn  
SE’1 1 1  31 
62.250 
8 .58  
86.973 
8 .26  
96.000 
1 0 . 0 3  
24.723 
8 .36  
33.750 
10 .17  
155 .774 
1 9 . 7 1  
-2.750 
7 .01  
Pet Delta H r  Re tu rn  95.602 
1 1 . 5 5  
SET 32 
62.000 
19 .80  
89.567 
22.30 
















10 .30  
87.500 
10 .35  
21.907 
7 .87  
28.500 
7 .23  
149 .500  
13 .79  
-3.750 
3.92 
93 .638  
6 .05  
TILT TABLE TESTS --
Measure 
Conciition SET 5 ~ 
Blood Pressure 
Avg Sys P r e - T i l t  110.563 109.333 119.125 







A v g  D i a  P r e - T i l t  55.063 46.083 65.875 







Pulse P r e - T i l t  55.500 63.250 53.250 
10.14 9.36 5 ,56  
73.562 67.167 83.625 





Mean P r e s  P r e - T i l t  
116.825 117.467 122.050 





Avg T i l t  Sys 
116.000 
3.65 
111.125 111.667 116.000 
9.66 8.33 10.68 
105.000 
11.75 
Min T i l t  Sys 
78.500 
8.59 
A v g  T i l t  D i a  71.525 71.267 82.567 
7.44 4.00 6.00 
81.100 





Max T i l t  Dia 77 . 125 76.333 88.250 
6.49 3.56 6 - 1 3  
45 . 300 46.200 39 . 483 










Min T i l t  P u l s e  37.375 36.167 29.000 
10.60 11.09 6.68 
86.625 86.667 95.728 





Avg T i l t  Mean 
82.792 84.056 91.750 





Min T i l t  Mean 
113.875 111.250 122.750 





Avg Sys P o s t - T i l t  
60.375 
17.57 
52.375 46.250 63.750 
11.42 3.71 8.63 
61.000 
6.48 





16.462 25.183 16.692 
8.55 5.33 1.76 
Delta D i a  Avg 
22.063 30.250 22.375 
10.26 4.98 3.71 
19.500 
5.34 I 23.750 9.35 Delta D i a  Max 





Delta Pulse Avg 
Delta Mean Pres 
Pct Return Pulse 
Pct Return Mean 
10,200 17.050 13.767 12.462 
7.84 11.93 1.83 5.04 
18.125 27 a 083 24.250 23.000 
9.15 9.47 2.06 4.60 
67.672 57.048 53.923 49 720 
17.97 15.22 7.67 18.41 
13.062 19.500 12.103 8.196 
6.40 4.87 1.52 5.50 
9.229 16.889 3.125 -2.417 
6.68 5.46 2.34 19.09 
113.129 104.127 110.579 119,175 
26.82 14.28 3.82 17.17 
99.360 101.230 99.619 94.304 




















TILT TABLE TESTS 
-_II 
Measure 
Condi t ion  
BioOd P r e s s u r e  
Avg Sys P r e - T i l t  
Avg D i a  P r e - T i l t  
Pulse P r e - T i l t  
Mean P r e s  P r e - T i l t  
Avg T i l t  Sys 
Min T i l t  Sys 
Avg Tilt D i a  
Max T i l t  D i a  
Avg T i l t  P u l s e  
Min Tilt P u l s e  
Avg T i l t  Mean 
Min T i l t  Mean 
Avg Sys P o s t - T i l t  
Avg D i a  P o s t - T i l t  
Delta D i a  Avg 
Delta D i a  Max 
SET 6 
116 .875  
6.02 
59.500 
10 .47  
57.375 
11 .48  
78.625 
7.48 
120 .350  
7 . 4 1  
110 . 000 
9 . 9 3  
74.950 
5 .47  
79.750 
8 . 2 6  
45.400 
8.64 
35 .250  
14 .82  
90 .083  
4.65 
84 .667  
6 .62  




15 .450  
6 . 8 3  
20.250 

















12 .07  
50.050 
16 .65  
40.000 












12 .17  
SET 8 
120 .875  





84 .125  
4.66 
122.200 
14 .15  
89 .250  
59 .85  
77 .387  





30 .250  
20.30 
92 .325  
8.30 
67.750 
45 .31  






















0 . 0 0  
85.000 




























10 .34  
82.900 
9 .28  
88.750 
1 0 . 7 8  
37.700 
11 .14  
25.250 






1 . 9 3  
62.375 
7 . 4 1  
18 .775  
12 .40  
24.625 
13.59 




Delta P u l s e  Avg 
SET 6 SET 7 SET 8 SET 9 SET 10 
1 5 . 6 7 5  
9 .61  
13 .075  
16.96 




t 11 .975  
14 .58  
28 .125  






0 .00  








52 .262  
34 .91  










Delta Mean Avg 11.458 
3.35 
7.333 







Delta Mean Pres 6.042 
2.92 
111 .162  
11 .77  




Pct Return P u l s e  111.842 
22.39 
101.905 
13 .08  
100 .685 
9 .77  







4 .48  
Pct Return Mean 
I 





I Blood P r e s s u r e  
Condition 
A v g  S y s  P r e - T i l t  111.063 107.750 125.375 121.625 
10.89 4.27 4.19 4.39 
128.000 
4.24 
A v g  D i a  P r e - T i l t  
P u l s e  P r e - T i l t  
I 
I 
Mean P r e s  P r e - T i l t  
57.313 55.417 75.250 67.125 
11.30 5.39 6.38 4.31 
67.500 
8.11 
53.750 52.333 50.125 54.500 
11.54 6.31 6.17 6.94 
60.500 
5.61 
75.229 72.861 91.958 85.292 
9.75 4.08 4.96 2.84 
87.667 
6.55 
A v g  T i l t  Sys 
1 Min T i l t  Sys 
I A v g  T i l t  D i a  
I 
113.175 116.100 125.050 118.200 
7.19 2.44 7.29 7.28 
126.812 
8.62 
107.000 109.500 120.000 110.250 
9.17 4.04 8 .21  9.29 
120.750 
8.42 
74.175 71.800 86.700 86.500 
8.54 5.11 8.94 6.23 
85.825 
8.90 
Max T i l t  D i a  I 79.750 76.500 93.750 95.250 
8.08 5.82 8.66 8.66 
90.000 
7.07 
I A v g  T i l t  P u l s e  40.987 5.68 39.000 44.300 38.350 31.700 8.62 6.06 10.55 8.20 
I Min T i l t  Pulse 30.000 35.000 29.750 20.500 8.75 7.62 1 2 . 1 8  10.08 31.750 5.74 
87.175 86.567 99,483 97.067 
7.02 3.35 6.80 5.34 
99.487 
8.39 i A v g  T i l t  Mean 
81.625 83.444 94.667 92.917 
7.28 4.53 8.59 4.65 
95.417 
11 .21  
Min T i l t  Mean 
Avg Sys P o s t - T i l t  
I 
112.250 112.667 130.125 127.500 
8.63 5.31 4.25 7.38 
128.375 
0.95 
A v g  D i a  P o s t - T i l t  61.313 57.333 80.500 74.625 
11.28 4 . 4 5  7.93 5.62 
68.000 
7.33 
16.862 16.383 11.450 19  e 375 
8.89 7.54 4.35 4.10 
I Delta D i a  A v g  
Delta D i a  Max 
18.325 
8.43 
28.125 22.438 21.083 18.500 
10.73 9.17 4.88 7.27 
22.500 
7.11 
I ,  1 
c 
?le a sur e 
Condition 
Blood Pressure 
Delta Pulse Avg 
Delta Pulse Max 
Pct Delta Pulse 
Delta Mean Avg 
I 
I 
I Delta Mean Pres 
I Pct Return Pulse 
Pct Return Mean 
TILT TABLE TESTS --
SET 11 FET 1 2  SET 13 SET 14 SET If 
14.750 8.033 11.775 22.800 19.513 
9.20 8.72 10.71 3.11 4.94 
23.750 17.333 20.375 34.000 28.750 
10.93 12.37 12.35 5.34 6.33 
56.551 68.426 59.594 36 448 52.547 
15.56 20.24 24.01 15.11 8 . 8 4  
11.946 13.706 7.525 11.775 11.821 
6.49 4.98 5.37 3.45 7.28 
6.396 10.583 2.708 7.625 7.750 
6.48 5.55 5.86 3.59 9.71 
97.555 106.375 99.682 97.514 99 564 
20.80 8.20 9.67 8.49 3.33 
104.368 104.202 105.476 108.108 100.659 
6.76 7.22 2.21 4.12 3.47 
-- TILT TABLE TESTS 
Measure 
Cc?fiditic?n SET 20 
Blood P r e s s u r e  
Avg Sys P r e - T i l t  119 .333  128.500 122 .125  
3.33 10 .61  3.82 




Avg D i a  P r e - T i l t  70 .333  66.750 66.875 




3 .71  
Pulse P r e - T i l t  49.000 61.750 55 .250  




3 - 2 0  
86.667 87.333 85.292 
3.18 8.78 9 .63  
Mean P r e s  P r e - T i l t  79 .833  
0.00 
91 .167  
3.24 
I 
I Avg T i l t  S y s  116.667 128.300 119.800 





Min T i l t  Sys 109.667 117.250 115.750 






I Avg T i l t  D i a  
Max T i l t  D i a  
Avg T i l t  P u l s e  
Min T i l t  P u l s e  
Avg T i l t  Mean 
Min T i l t  Mean 
Avg Sys P o s t - T i l t  
Avg D i a  P o s t - T i l t  
Delta D i a  Avg 
Delta D i a  Max 
84.400 83.200 82.950 




6 . 8 1  
90.000 88.750 87 .250  
4 .58  9.36 6 .85  
82.000 
0 .00  
93.500 
5 .07  
32.267 45.100 36.850 




7 .38  
23.333 35.000 30.500 
14 .19  15.25 2 , 5 2  
24.000 
0 .00  
24.750 
9 .54  
95.156 98 .233  95 .233  
2 .97  9.57 4 .72  
89.933 
0.00 
99 . 367 
4 .91  
90.778 92.750 91 .250  





124 .833  127.000 122.875 
2.36 9.47 6 .05  




75.167 68 .525  65 .750  




6 . 7 1  
14 .067  16.450 1 6 . 0 7 5  
3 .33  2.63 10 .96  
16.500 
0.00 
13 .600  
7.08 
19 .667  22.000 20 .375  
4.37 2.94 1 0 . 8 5  
20.500 
0.00 





























Blood P r e s s u r e  
Delta P u l s e  Avg 
Delta P u l s e  Max 
P c t  Delta P u l s e  
Delta Mean Avg 
Delta Mean Pres 
P c t  Return P u l s e  
P c t  Return Mean 






































































































Avg Sys Pre-Tilt 
Avg Dia Pre-Tilt 
Pulse Pre-Tilt 
Mean Pres Pre-Tilt 
Avg Tilt Sys 
Min Tilt Sys 
Avg Tilt Dia 
Max Tilt Dia 
Avg Tilt Pulse 
Min Tilt Pulse 
Avg Tilt Mean 
Min Tilt Mean 
Avg Sys Post-Tilt 
Avg Dia Post-Tilt 
Delta Dia Avg 






































































































































































TILT TABLE TESTS --- 
Measure 
0e-a: L:  e- 
L U A A U I  LAUAl 
Blood Pressure -
Delta Pulse Avg 
Delta Pulse Max 
Pct Delta Pulse 
Delta Mean Avg 
Delta Mean Pres 
Pct Return Pulse 


























































24 e 54 
101.864 
7.76 
















&- TILT TABLE TEST§ 
. 
Measure 
C o n d i t i o n  
Blood Pressure 
Avg Sys P r e - T i l t  
Avg D i a  P r e - T i l t  
P u l s e  P r e - T i l t  
Mean P r e s  P r e - T i l t  
?.vg T i l t  Sys 
Nin T i l t  Sys 
Avg T i l t  D i a  
Max T i l t  D i a  
Avg T i l t  P u l s e  
Min T i l t  P u l s e  
Avg T i l t  Mean 
Min T i l t  Mean 
SET 26 SET 27 SET 28 SET 29 













































Avg Sys P o s t - T i l t  
Avg D i a  P o s t - T i l t  
Delta D i a  Avg 
Delta D i a  Max 






































































































TILT TABLE TESTS --
Measure 
1SPT 2 6  Condition 
Blood Pressure 
Delta Pulse Avg 17.631 17.831 14.014 14.863 
6.75 7.11 11.04 11.81 
12.771 
7.19 
28.500 27 875 23.643 24.938 
7.47 10.31 11.90 13.56 
Delta Pulse Max 22.313 
8.46 
I 
43.084 54.607 54.737 59.548 
17.13 12.32 23.68 21.15 
Pct Delta Pulse 56.758 
16.78 
9 e 814 
4.40 
9.985 11.844 10.186 12.233 
4.66 6.28 3.00 3.53 
Delta Mean Avg 
5.417 
5.05 
2.604 7.042 5.214 7.542 
13.81 8.72 2.31 4.47 
Delta Mean Pres 
108.345 101.211 107.464 98.326 
17.07 4.95 16.96 10.21 




101.206 99.983 103.384 99.474 
8.28 4.14 4.23 4.51 












1 ”  




A v g  Sys Pre-Tilt 
A v g  D i a  Pre-Tilt 
Pulse Pre-Tilt 
Ilean Pres Pre-Tilt 
A v g  Tilt Sys 
Min Tilt Sys 
A v g  Tilt Dia 
Max Tilt Dia 
A v g  Tilt Pulse 
Min Tilt Pulse 
A v g  Tilt Mean 
Min Tilt Mean 
A v g  Sys Post-Tilt 
A v g  Dia Post-Tilt 
Delta Dia A v g  




































































































TILT TABLE TESTS -
Measure 
C O l l d i t i C r .  
Blood Pressure 
Delta Pulse Avg 
Delta Pulse Max 
Pct Delta Pulse 
Delta Mean Avg 
Delta Mean Pres 
Pct Return Pulse 
Pct Return Mean 
SET si 






























15 e 938 
8.46 
24,813 































Left Leg S1 
Right Leg SI 
Average S1 
Left Leg S2 
Right Leg S2 
Average S2 
Left Leg To 
R i g h t  Leg To 
Average To 
Left Leg T15 
Right Leg T15 
Average T15 


































































































































Limb V o l u m e  -
L e f t  Leg S1 
R i g h t  Leg  S 1  
Average S1 
L e f t  Leg S2 
Right  Leg S2 
Average S2 
L e f t  Leg To 
R i g h t  Leg  T o  
Average T o  
L e f t  Leg T15 
R i g h t  Leg T15 
Average T15 
TILT TABLE TESTS --
SET 6 
5.975 
1 .28  
8.830 
0.00 
3 .231  
3.90 
0 .145  
0 .03  
0.152 
0 .02  
0.149 




0 .35  
2.256 
0 .33  
4 .195  
0 .81  
4 .675  







1 . 4 1  
4.769 


















0 .53  
SET 8 
5.750 
1 .34  
6 847 
3.08 
4 .724  
3.63 
0.145 
0 .04  
0.155 
0 . 0 1  
0.150 







4 .067  







0 . 0 0  
12.100 
0.00 
8 .075  
0.00 
0 .190  
0.00 
0.190 
0 .00  
0 .190  
0 . 0 0  












SET 1 0  
5 .913  
2 - 9 0  
8.150 
3 .45  
5 .274  
3.58 
0.1120 
0 . 0 1  
0 130  
0.04 
0 1 2 7  
0 .03  
2 .357  




0 . 6 1  









Left Leg S1 
Right Leg S1 
Average S1 
Left Leg S2 
Right Leg S2 
Average S2 
Left Leg To 
Right Leg To 
Average To 
Left Leg T15 
Right Leg T15 
Average T15 



































0 . 117 
0.02 


































































































TILT TABLE TESTS ---- 
Ilea s u r  e 
Conciit i o n  
Linb Volume -
L e f t  Leg S1 
Right Leg S1 
PAverage Sl 
L e f t  Leg S2 
Right L e g  S2 
Average S2 
L e f t  L e g  To 
Riqht Leg To 
Average T o  
L e f t  Leg T15 
Right Leg T15 
Average T15 





























































































































I .  
T I L T  TABLE TESTS 
1 Measure 
I Condition 
Limb V o l u m e  
L e f t  Leg S1 
Average S1 
L e f t  Leg S2 
Right Leg S2 
Average S2 
L e f t  Leg To 
Right Leg To 
Average To 
L e f t  Leg T15 
Right Leg T15 
Average T15 
SZT 2 1  
5 .112  
0 . 8 1  
5 850  









1 .552  
0 .67  








































1 .257  
2 . 5 1  
0.100 
0 .01  
0 .125  
0 .01  
0 , 1 1 2  
0 . 0 1  
1 .267  
0 . 2 1  
2 ,142  
0.24 
1 .705  
0.22 
2 .540  
0.30 
3.745 






6 . 1 4 1  
2 .31  
4 .921  
2.66 
0 .119  
0.03 
0 . 1 4 4  
0.03 
0 . 1 3 1  
0.03 
2.205 
0 .61  
2 ,497  
0 . 6 1  
2 .341  




0 .71  
4.280 
0.56 
SET 25  
5 .893  
1 . 8 3  
5.662 
1 .59  
5.747 
1.55 
0 .133  
0.04 
0.129 
0 - 0 3  
0 .133  
0.03 





0 .35  
4.159 
0.46 
3 ,912  
0 .75  
4 .045  
0 .53  
. 
, Neasure 
Condi t ion  
Limb Volume -- 
L e f t  Leg s1 
Right  L e g  S1 
Average S1 
L e f t  Leg S2 
Right  L e g  S2 
Average S2 
L e f t  Leg To 
Right  L e g  To 
Average To 
L e f t  Leg  T15 
































































































































0 .65  
X e a s u r e  
Condition 
I 
Limb V o l u m e  
I 
L e f t  Leg  S1 I 
R i g h t  Leg  S1 
A v e r a g e  Sl 
L e f t  Leg  S2 
Right  Leg  S2 
Average S 2  
L e f t  Leg  To 
R i g h t  Leg  To 
Average To 
L e f t  Leg  T15 
R i g h t  Leg  T15 
Average T15 












































































PRFSSURE TESTS NEGATIVE 
Measure 
Condition SET i 
Heart Rate 


































I Avg Total NP 56.898 
2.19 
I 



















































NEGATIVE PRESSURE TESTS -~ _.
Measure 
Condition SET 6 SET 7 SET 8 SET 9 SET 10 
Heart Rate -
I Avg Pre-NP 58,500 54.500 55.000 
9.57 17.39 11.14 
40.000 49.500 
0.00 4.43 






44. 000 49.569 
0.00 5.18 
Avg Step I1 NP 
Avg Step I11 PJP 
I 
j 

















































16 .OOO 8.500 
0.00 4.73 






Pct Eelta Hr Return 108.970 























Avg S t e p  I NP 
Avg S t e p  11 NP 
A v g  S t e p  111 NP 
Avg Tota l  NP 
Max H r  MP 
Delta Hr A v g  
Delta  H r  Max 




















































































































I .  i 
m 
NEGATIVE PRESSURE TESTS I 
I Fleasure 
Condition 
I Heart Rate -
Avg Pre-NP I 
SET 1 6  SET 1 7  SET 18 SET 1 9  SET 20 
65.333 70.500 6 6 , 0 0 0  86.000 6 3  000 
14.74 11 .82  8.00 0.00 12 .70  
Ilvg S t e p  I NP 65.167 71.347 66.875 84.444 63 .986  
11 .56  1 1 . 0 4  7 .60 0.00 10 .90  
Avg S t e p  I1 N P  66.667 70 ,625  64.958 86.000 63.417 
11.56 11.25 7.97 0 .00  9.72 
Avg S t e p  I11 NP 73.389 71.542 66.079 86.000 67 .083  
1 2 . 1 4  10.03 6 . 9 3  0 .00  10.64 
A v g  T o t a l  PIP 68.407 71.171 65 .971  85 .481  64.829 
9.96 10.70 7.46 0 .00  10 .23  
Max H r  NP 
Avg Post-NP 
80.000 79 ,000  74.000 92.000 74.000 
10 .58  1 3 . 6 1  6 .93  0.00 1 1 . 5 5  
70.000 75.000 48.000 88 .000  65.500 
8.72 12.70 32.78 0 .00  11 .12  
Del ta  H r  Avg 3.074 0.671 -0.029 -0.519 1 .829  
5.27 3.37 1 .47  0.00 2.86 
Del ta  H r  ?"ax 14.667 8.500 8.000 6.000 11 .000  
1 3 . 0 1  3.00 2 .31  0.00 2.58 
P e t  Delta H r  Max 125 .011  112.020 112.407 106.977 118.222 
5 .95  22.13 3.55 4.37 0 . 0 0  
P c t  Delta H r  Re turn  109.042 106.406 71.299 102 .326 104.656 
15 .43  5.47 47.55 0.00 9.06 
I 
D 
NEGATIVE PRESSURE TESTS 
Measure 
SET 2 2  SET 23 Condition SET 21 
I 
I Heart Rate -
Avg Pre-NP 60.000 69.000 63.500 




10 .94  
5 7 . 9 5 1  
5 .85  
6 4 , 1 7 1  
9.68 
Avg Step I NP 60.625 67.750 6 2 . 6 8 1  
9 .28  16.89 1 . 4 7  
Avg Step I1 NP 62.167 68 ,444  61.486 
12 .52  17 .10  2.46 
59.399 
5 .01  
66 .855  
9 .81  
Avg Step 111 NP 63.028 68 .778  65.139 





Avg Total NP 61.940 68.324 63.102 




9 .23  
Max Hr N P  69.000 73.000 73.000 
14 .38  18 .58  2.00 
67.250 
5 . 5 1  
74.167 
9 .93  
Avg Post-NP 67.000 69.500 66.000 
1 3 . 7 1  18 .86  3.65 
60.625 
6 . 0 1  
68.333 
11 .28  
Delta Hr Avg 1.940 -0.676 -0.398 
1 . 3 7  1 . 2 3  2.44 
-0.169 
3.29 
0 .473  
2 . 9 5  
Delta Hr Max 9.000 4.000 9.500 
5 . 0 3  1 . 6 3  3 .00  
7.625 
5 .48  
8 .333  
5 .03  
Pct Delta Hr !!Tax 114.633 105.768 115.020 
6.39 1.84 5.04 
113.519 
10 .36  
113.416 
8 .99  
Pct Delta Hr Return 111.310 100 .351  104 .007  
5.52 2.78 7.10 
1 0 2 . 0 5 1  
7.47 
104.327 






C= orid it ion SET 26 SET 27 SET 28 ~ SET 29 SET 30 
Heart Rate -
























































































14 e 571 
9.71 




































Avg Step I NP 
Avg Step I1 NP 
Avg Step 111 NP 
Avg Total NP 
Max Hr NP 
Avg Post-NP 
Delta Hr Avg 
Delta Hr Max 
Pct Delta Hr Max 























































57 . 759 
10.43 
66 , 000 
11.71 
62.250 









NEGATIVE PRESSURE TESTS 
Measure 
Condi t ion  SET 1 SET 2 SET 3 SET 4 SET 5 
Blood P r e s s u r e  
Avg Sys Pre-NP 
Avg D i a  Pre-NP 
107.688 113.333 115.625 116.750 117.500 
8.51 7.37 12.37 3.66 8.81 
56.688 56.333 69.625 69.500 64.875 
10.01 4.40 7.66 6.94 4.03 
Avg P u l s e  Pre-NP 51.000 57.000 46.000 47.250 52.625 
9.16 8.67 5.55 4.19 8.53 
A v g  Mean P u l s e  Pre-NP 73.687 75.333 84.958 85.250 82.417 
8.51 3.78 9.13 5.72 4.53 
Tota l  Sys S t e p s  108.187 110.583 112.792 114.333 117.333 
9.24 7.88 11.21 7.50 9.87 
T o t a l  P u l s e  S t e p s  49 . 146 52.556 39.833 42.542 17.375 
10.84 9.92 5.14 7.02 8.34 
Tota l  Hean S t e p s  75.424 75.5.16 86.236 85.972 85.750 
7.78 4.48 10 . 92 4.43 6.39 
SYS Post-NP 
D i a  Post-NP 
P u l s e  Rost-NP 
Mean Post-NP 
Min S y s t o l i c  
Max Dias to l ic  
Min P u l s e  
Min MBP 
Delta P u l s e  Max 
111.063 110.917 112.750 114.875 121.375 
11.28 7.43 11.87 4.44 10.56 
57.000 59.667 71.250 71.250 71.875 
6.81 8.07 10 . 09 5.55 14.10 
54.063 51.250 41.500 43.625 49.500 
11.62 9.66 7.58 6.39 12.34 
75.021 76.750 85.083 85.792 88.375 
6.58 6..21 10.10 4.24 11.66 
103.250 105.167 109.500 107.000 112.750 
8.41 6.77 10.63 12 . 36 9.18 
63.250 63.333 79.500 78.500 75.000 
10.70 7.12 12.97 5.57 6.98 
41.750 45.833 33.000 31.000 39.750 
9.24 10.83 5.42 7.48 6.29 
72.458 71.667 81.750 82.250 80.917 
7.79 4.48 10.31 5.10 4.57 
9.250 11.167 13.000 16.250 12.875 
4.17 6.65 7.63 11.44 2.93 
Measure 
C o n d i t i o n  
Blood Pressure 
P c t  Delta P u l s e  Max 
Delta BP Mean Avg 
Delta BP !!lean Max 
P c t  Return P u l s e  
P c t  Return  BP Mean 
NEGATIVE PRESSURE TESTS ---- 
SET 1 SET 2 SET 3 
81.609 80.170 72 .581  
8.31 11 .53  1 5 . 2 1  
1 .736  0.213 1 .278  
3 .41  3 .15  4 . 7 1  
-1.229 -3.667 -3.208 
3.25 4.07 5 .81  
106 .928  90.442 90.438 
22.09 1 4 . 3 5  13 .79  
102 .132  101.807 100.140 











7 .42  
SET 5 
75 .629  
2 . 9 1  
3 .333  
2 .24  
-1.500 
1 . 4 8  





_ A _ - _  -- -~ 
Condition 
Blood Pressure 
Avg Svs Pre-XP 
Avg P i a  Pre-NP 
Avg Pulse Pre-VP 
9vq A4ean Pulse Pre-NP 
Tota l  Sys Steps 
Total Pulse S t e p  
Total Mean Stens 
sys Post-NP 
Dia Post-TJP 




:lin P u l s e  
T:in YBP 
Delta Pulse ?flax 
SET 8 SFT 9 SET 10 SET 6 SET 7 
116.125 107.000 118.000 
4.42 6.34 0.00 
116.875 115.750 
7.66 6.33 
65.125 63.000 68.875 
4.53 0.00 9.63 
63.750 63.375 
6.81 5.96 
51.00 4?.000 45.125 
9.37 0.00 11.02 
53.125 52.375 
3.61 10.37 
82.125 77.667 03.917 
6.43 2.76 0.00 
81.458 80.033 
6.90 3.63 
120.250 108.667 114.417 
8.67 0.00 5.33 
116.042 116.250 
9.39 8.97 
51.208 42.500 44.792 
8.58 0.00 7.86 
47.958 53.375 
5.12 12.92 
86.111 80.333 54.556 
3.05 0.00 3.45 
84.069 80.667 
6.67 1.00 
120.750 106.500 117.750 
8.72 0.00 9.78 
114.750 113.000 
6.75 7.11 
65.625 66.000 72.500 
0.00 5.79 4.71 
56.000 62.750 
8.42 6.12 
55.125 A0.500 05.250 
9.66 0.00 16.34 
48.750 50.250 
7.17 12.74- 
84.000 79.500 87.583 
4.41 0.00 2.91 
02.250 79.500 
7.14 2.38 
114.750 100.000 108.250 
8.02 0.00 4.99 
109 e 750 110.500 
6.55 7.00 
76.667 72.000 75.750 
5.51 0.000 5.74 
73.750 69.250 
6.40 6.99 
41.000 37.000 37.750 
5.89 0.00 9.60 
40.000 45.250 
3.83 13.45 
81.417 75.333 79.833 
3.78 0.00 3.11 
10.000 7.000 7.375 





!.?e a sur e 
Condition 
Blood P r e s s u r e  
P c t  Del ta  Pulse Max 
Delta BP !lean Avg 
Del ta  RP ?lean !lax 
p c t  Return  p u l s e  
w t  Return F? Yean 
NEC-ATIVE PF.CSSUP.E TESTS 
SET 6 SET 7 









1 . 4 4  3.52 
SET 8 
81.078 
















































C uri d i t i o n  
Blood P r e s s u r e  




84 .125  
6 .30  
37.875 
5 .75  
96.750 
5 . 0 1  
118 .917  
2 . 0 1  
39.208 





80 .250  
8 .45  
42.000 
3 .63  
94.250 
7 .28  
114 .250  
2.75 
85.000 
6 .68  
32.000 
5 . 8 3  








2 .06  
42.250 
5 .19  
91 .125  
1 . 4 8  
119.58 3. 
4 . 1 2  
39 .417  
5 . 5 1  
93.264 
2.20 








115 .500  
4 . 5 1  
85 .667  
3 . 7 9  
33.25C 
6 .10  
89 .250  
2.94 
1 1 . 0 0 0  
3.70 
SFT 1 5  
120.125 
4 .25  
68 .250  
7 . 0 1  




121 .417  






4 .80  
72.375 
6 . 0 1  
54.000 
5 .23  
109 .688  110.167 
10 .03  3.82 
Avg Dia Pre-NP 60.313 58 .833  
6.90 3 .59  
Avg P u l s e  Pre-NP 49.375 51 .333  
9 .73  3 . 5 3  
Avq Mean P u l s e  Pre-NP 76.771. 75.944 
6 .65  3 .27  
T o t a l  Sys  S t e p s  1 1 0 . 7 7 1  1 0 8 . 8 0 6  
9 .71  3 . 2 2  
T o t a l  Pulse S t e p s  49.333 49 .361  
10 .22  2 . 5 4  
T o t a l  Mean Steps 77.882 75.898 
5 .75  4 .35  
112 .438  109.500 
9.77 4.74 
s y s  Post-NP 
Dia Post-NP 50.500 58 .167  
3.32 6.37 
P u l s e  Post-YP 51.938 51 .333  
1 0 . 0 7  5.89 
77.812 75.278 
4 . 0 8  5.1.e 
Mean Post-NP 90.375 
5.07 , 
? i n  Systol ic  105.375 104 .833  
1 1 . 1 9  3 .66  









4 4 . 1 2 5  43.r333 
1 1 . 4 1  5 . 0.2. i 43.000 4.08 
F i n  MEP 74.292 72.667 
5.24 3 .82  
85.083 I 
5.46 
Delta P u l s e  Max 5.250 7.500 
7.66 6 . 8 8  





I A C Z U . 3  ULL 2: 
Cond i t ion  
Blood P r e s s u r e  
P c t  Delta P u l s e  Max 
Delta BP Mean Avg 
Delta BP !lean Hax 
P c t  Return  P u l s e  
P c t  Return  BP Hean 
PRESSURE TESTS 
SST 11 SET 1 2  SET 1 3  
89.528 85.913 85 .110  
1 4  e 29 13 .02  14 .37  
1.111 -0.006 -3.972 
3 * 3 9  3.79 0.69 
-2.479 -3 .278  -8.333 
3.58 2.92 2 .33  
106 .580  100.546 112.109 
17 .20  14 .56  12 .54  
101.654 99 .165  97.330 
4.58 6 .18  2.83 
SET IC SET 15 
74.859 84.017 
8.98 13 .59  
2.139 3.264 
1.13 1 .59  
-1.875 -0.458 
2 . 4 2  0.88 
96.935 105 .228 
5.07 15 .05  
1020919 105.702 
3 .10  1 - 5 6  
NEGATIVE PRESSURE TESTS 
Measure 
C o n d i t i o n  
Elood P r e s s u r e  
Avg Sys Pre-ET 
Avg D i a  Pre-1JP 
Avg P u l s e  Pre-MP 
A v g  Mean P u l s e  Pre-NP 
T o t a l  Sys Steps 
Total P u l s e  S t e p s  
Total Mean S t e p s  
sys  Post-NP 
D i a  Post-NP 
Pulse Post-NP 
Mean Post-YP 
F i n  S y s t o l i c  
Max Dias to l ic  
hlrin P u l s e  
Min MRP 






































































































































































NEGATIVE PRESSURE TESTS 
Measure 


































Delta BP Mean Max 




















Pct R e t u r n  BP Mean 
3 
WEC-ATIVE PTZESSURE TESTS 
$1 e a. s u r e 
Condi t ion  SET 21 SET 22 SET 23 SET 2 4  SET 25 
Blood Pressure 
Avg Sys Pre-hTP 
A v g  Dia Pre-YP 
107.375 108.500 109.625 108 ,688  1 1 1 , 7 5 0  
2.90 6 .77  2 .25  9.05 5,83 
61.125 61.5CO 65.500 58.500 57 .583  
7.77 9 .57  8 .10  8 . 5 1  4.04 
sys Post-NP 106.625 1 1 0 - 3 7 5  112 .375  111.750 110.208 
7 .98  7.66 6.30 10 .22  5.99 
Avg Pulse Pre-XP 46.250 47.000 4 4 - 1 2 5  50.188 50 .167  
8 .45  6 . 2 3  8.40 9.16 6.97 
Avg Mean P u l s e  Pre-NP 76.542 77.167 80.208 75.229 75.639 
5 . 2 1  8 .22  5 .75  7 .55  3.38 
To ta l  Sys Steps  105.750 109.542 110.833 109.479 199.694 
5 .43  6 .23  3.97 9.25 5.98 
Tota l  P u l s e  S t eps  43.833 85.000 44.083 49.240 50.958 
1 1 . 2 0  6 .78  9 .14  10.18 7.17 
T o t a l  ?lean S t e p s  76.528 79.542 8 1 . 4 4 4  76 .653  75.722 
6 .49  7.50 6.08 6 . 7 3  4 . 2 2  
D i a  Post-YP 
P u l s e  Post-NP 
Mean Post-YP 
Min S y s t o l i c  
Max D i a s t o l i c  
P4in Pulse 
Min MBP 
Delta P u l s e  Yax 
62.125 65 .375  65 ,500  58.750 58.917 
9 .73  7.34 9 . 9 7  5 .48  6.97 
44.500 4".500 36.875 53.000 51.292 
11 .40  9.74 12 .89  10.56 7.63 
76.958 80.708 81.125 76 .417  76.014 
7.49 5 .87  6.53 5.48 5 . 6 1  
99.500 105.750 107.500 104 .313  105.000 
5.00 6.08 3 e . 1 2  9.62 5.19 
66 ,000  69.000 73.667 63.714 63.909 
1 0 . 0 3  11.17 10 .26  9 .02  6.14 
3 1  e 500 38.750 37 e 250 42.938 44.833 
12.71 8 .38  8.26 10.10 8.12 
73 .333  76.083 77.Cl-7 73.375 72 .167  
6 .87  6 . 1 1  6 .13  6.48 4.00 
11 .750  8 .250  6 .875  7.250 9 .333  





















Me a sur e 
Condition 
Blood Pressure 
Pct Delta Pulse Max 
Delta BP ?Jean Avo 
Delta I3P Mean Max 
Pct Return Pulse 












SET 22 SET 23 SET 24 SET 25 
82.146 84.7,13 85.578 83.041 
10.94 11.94 12.01 12 f 10 
2.375 1.236 1.424 0.083 
1.97 l.&O 3.30 3.33 
-1.083 -2.792 -1.854 -3.472 
2.27 2.79 3.36 3.38 
94.229 107.451 106.754 95.49A 
11.21 26.08 19.12 14.76 
104,865 101.143 101.893 100.486 
3.94 4.09 4 - 4 0  5.70 
*.I-* - - -- P J . G ~ Z H ~ ~ V E  PZIESSURE TESTS 
L__ 
Me a s u r  e 
Condition SET 26 SET 27 SET 28 SET 29 SET 30 
Blood Pressure 
Avg Sys Pre-NP 118.813 118.688 118.813 117.643 119.250 
Avg Dia Pre-NP 76.875 72.938 66.563 68.571 64.438 
Avg Pulse  Pre-NP 41.938 45.750 52.250 49.071 54.813 
Avg Mean Pulse Pre-NP 90.854 88.187 83.979 84.929 82.708 
Total Sys Steps 115.854 116.937 119.375 116.500 119.137 
Total Pulse Steps 39.521 40.979 48.146 45.476 54.167 
Total Mean Steps 89.507 89.618 87.278 86.183 83.326 
9.22 4.11 6.56 5.81 7.03 
10.11 6.00 5.59 8.04 5.97 
6.80 4.65 7.29 6.89 9.07 
4.68 9.28 4.98 4.83 6.62 
8.15 6.25 7.14 7.34 7.19 
4.58 6.08 6.30 5.73 9.26 
8.62 5.07 5.23 5.50 5.12 
9.84 5.83 8.05 6.19 8.08 
SYS Post-NP 117*5OO 118.625 123.875 117.214 118.688 
Dia Post-NP 75.750 75.375 72.125 70.571 65.563 
9.87 5.97 10.04 8.39 7.17 
5.51 5.42 9.09 5.86 9.86 
9.51 5.35 8.39 7.22 5.87 
7.62 9.74 7.23 5.55 6.92 
10.00 5.31 5.36 6.44 6.96 
5.24 6.56 5.21 4.31 9.50 
8.26 5.37 5.17 7.01 5.90 
7.53 8.36 6.32 3.62 6.69 
Pulse Post-NP 41.750 43.250 51.750 16.643 53.125 
Mean Post-NP 89.667 89.792 89.375 86.119 83.271 
Min Systolic 111.875 111.250 115.250 111.143114.875 
Max Diastolic 82.250 81.571 7c.875 76.333 70.125 
Min Pulse 32.500 32.125 41.375 38.571 47.500 
Min MBP 85.083 85.750 83.000 82.333 80.667 




I Condit ion 
Blood rsessure 
, 
P e t  Delta Pulse "7s.): 
1 
I Delta RP '.'can ?vq 
uct R e t u r n  Pulse 
f 
I 
Pct % t u r n  T :"an 
SrT 26 





















cr7 28  
79.823 
10 I 1 4  
3.299 
1.80 






. s r ~  29 
79 057 
























Avg sirs Pre-?!P 
Avg Dia Pre-?!P 
.qvg iilean Tiulse Pre-NP 
T o t a l  S y s  Steps 
Total Pulse Steos 
T o t a l  Mean $ t e n s  
s y s  p o s t - Y P  
Dia Post-P’P 
P u l s e  Post-Y’P 
tlean Post-WP 
Min Pystolic 
: lax  Dias to l i c  
‘Tin P u l s e  
“(in VF? 
Delta ?ulse “ J a X  
116.938 111.500 115.500 r - .  86 6.36 3 . 7 1  
67.375 63.750 72.125 
6.23 1.06 7.78 
49.563 47.750 43.375 
83.896 79.667 86.583 
4.23 2.83 5.46 
118.958 111.917 116.750 
6 .21  4.60 4.58 
8. fi,5 5.30 8.27 
49.687 46..667 42.458 
8.48 5.89 7.45 
85.833 80,.806 88.344 
4.46 0.67 5.27 
119.063 111.500 11P.563 
6.4.9 7.07 6.95 
66.813 65.000 7-?.500 
6.72 1 . 4 1  6.39 
52.250 96.500 44,063 
10.72 P.49 11.20 
8@.229  80.500 89.187 
114.750 107.000 110.875 
5.97 9.QO 5.17 
75.163 69.000 79.875 
7.49 t .an  6.98 
42.875 43.0cO 35.250 
7.20 8.49 7.80 
81.958 77.833 83.833 
@+, 69 3.54 6.02 
6.688 2.750 8,125 
5.57 3.18 3.46 
4.32 1 . 4 1  3.93 
I '  e 
I 
NFGATIVE PRFSSITFF TESTS 
I Me a s u r  e 
Ccnd i t ion  
Blood P r e s s u r e  
I 
I Pct Delta Pulse Max 
Delta EP Mean Avg I 
Delta BP Mean '+'ax 
P c t  Return  P u l s e  
I 
























NEGATIVE PRESSIJRE TESTS 
Me a s u r  e 
Condition 
Leg Volume 
DV/DP1 L e f t  L e g  
DV/DPl Right Leg 
DV/DP2 L e f t  L e g  
DV/DP2 R i g h t  Leg 
T15 L e f t  L e g  
T15 Right L e g  
SET 1 SET 2 SET 3 SET 4 SET 5 
0.345 0 e 332 0.252 0.055 0.230 
0.38 0.27 0.17 0 .45  0.24 
-0.073 -0.028 -0.070 -0.025 -0.002 
0.08 0.04 0.03 0.05 0.11 
0.340 0.257 0.367 0.447 0.317 
0.20 0.10 0.16 0.22 0.11 
-0.019 -0.017 -0.057 -0.008 -0.052 
0.16 0.03 0.07 0.01 0.04 
-0.225 0.270 0.457 0.302 0 142 
0.44 0.45 0.47 0.72 0.22 
-0 .584 -0.632 -0,317 -0.560 -0.740 
0.57 0.43 0.52 0.49 0.42 
NEC'ATIVP, PRESSURE TESTS 
Measure 
Condition SET 6 SET 7 SET 8 SET 9 SET 10 
Leg Volume 
DV/DPl L e f t  Leg 0 . 4 4 0  0 . 402  0.102 0 . 190 0 .417  
0 . 2 5  0.14 0.26 0.00 0.12 
DV/DPl Right Leg -0.057 -0.013 0.028 -0.060 -0 .070  
0 . 0 3  0.06 0.08 0.00 0.06 
DV/T>P2 Left Leg 0.462 0.333 0.315 0.280 0 . 3 8 7  
0.08 0 . 0 7  0.09 0.00 0.12 
DV/DP2 Right Leg -0.067 -0 .013 0.035 0.040 -0.117 
0.03 0.08 0 .07  0.00 0.11 
T15 L e f t  Leg 
T15 Right Leg 
1.195 0 . 5 1 7  0.003 0 . 5 6 0  0 . 7 4 7  
0.92 0.88 0.50 0.00 0.63 
-0.862 -O,*q97 -0.450 - 0 . 3 8 0  -0.810 











NEGATIVE PRESSCTF!! TFFTS 
Me as ure 
Condition 
Leg V o l u m e  
DV/DPl Left Leg 
DV/DPl Right Leg 
DV/DP2 Left Leg 
DV/DP2 Right Leg 
T15 L e f t  Leg 
























0 . 6 2  










0 .05  
0 . 9 2 5  
0.99 


























-0 ,465  
0 .37  




DV/DP1 Left Leg 
DV/DPl Right Leg 
DV/DP2 L e f t  Leg 
DV/DP2 Right Leg 
T15 Left Leg 
T15 Right Leg 
SET 16 SET 17 SET 18 SET 19 
0,463 0.352 0.162 0.260 
0.08 0.26 0.53 0.00 
-0.120 -0.027 -0.207 -0.100 
0.04 0.08 0.26 0.00 
0.320 0.370 0.342 0.330 
0.05 0 . 1.5 0.12 0.00 
-0.060 -0.105 -0.017 -0.070 
0.13 0.09 0 . O(1 0.00 
1.110 0.390 0.675 -0.140 
0.30 0.96 1021 0.00 
-0.750 -0.675 -0.707 -0.400 


































DV/DP1 Left Leg 
DV/DP1 Right Leg 
DV/DP2 Left Leg 
DV/DP2 Right Leg 
T15 Left Leg 
T15 Right Leg 
SET 21 SET 22 SET 23 SET 24 SET 25 
0,272 0.130 0.030 0.181 0 . 202 
0.16 0.21 0.26 0.34 0 .25  I 
~ 
-0.035 -0,058 -0.085 -0.071 -0.027 
0.06 0.06 0.09 0,lO 0.05 
I 
~ 
0.328 0.281 0.197 0.155 0.142 
0.04 0.13 0.15 0.19 0.13 
-0.112 -0.045 -0,005 -0,023 -0.019 
0.04 0.05 0.06 0.11 0.03 
0.265 0.032 0.000 0.067 0.181 
0.14 0.38 0.78 0 .75  0 . 5 2  
-0 .777 -0 .922 -0.662 -0.480 -0.616 
0.19 0.35 0.20 0.43 0.33 
NECATIVE PRESSUF!  TESTS 
Mea sur e 
Condition 
Leg Volume 
DV/DPl L e f t  L e g  
DV/DP~ Right Leg 
DV/DP2 L e f t  Leg 
DV/DP2 P.ight Leg 
T15 L e f t  Leg 
T15 Right Leg 
SET 26 SET 27 SET 28 SET 29 SET 30 
0.365 0,306 6.326 0.450 0,377 
0.22 0.32 0.21 0.18 0.19 
-0.029 -0.020 -0.007 -0.084 -0.021 
0.05 0.05 0.09 0.05  0.07 
0.404 0 . 3 6 4  0.320 0.401 0.354 
0.15 0.16 0.09 0.10 0.11 
-0.046 -0.025 -0.040 -0.064 -0.066 
0.06 0.06 0 . 0 5  0.08 0.09 
0.691 0.272 0 .284  1,159 0 . 4 5 4  
0 .76  0.61 0 . 5 5  0.68 0 . 8 5  
-0.230 -0 .502  -0.602 - 0 , 5 8 6  - 0 . 5 9 9  




DV/DPl L e f t  Leg  
DV/DPl Right Leg 
DV/DP2 Left Leg  
DV/DP2 Right Leg  
T15 Left Leg 
T15 Right Leg  
NEGATIVE PRESSUW TESTS 







































Mean T e s t i n g  HR 
Max T i l t  BR 
Table  II-6a 
Hour 0 - 2.5 12.0 24.0 48.0 
-- 2,875 - 2.625 16.125 2 339 5.125 
3.11 3.58 4.11 4.15 4.87 
5.048 8.067 17.771 7.444 3 e 288 
5.29 6.54 3 e 5.2 6.17 6.06 
13.000 12.500 18.500 9 857 3.000 
5.83 7.34 4.27 6.82 
E? Slope 1st Flin of T i l t  5.250 5.625 1,875 1.446 
4.26 3,S2 4.12 3.10 
FIR Slope 1st Nin P o s t - t i l t  - 6.187 - 5.812 -A 7,657 - f3.758 
7.64 6.17 3,95 4.30 
:::em T i l t  P u l s e  Pressure - 3.233 - 8.156 + 0.269 + 2.379 
3.59 4.56 3.76 4.61 
Siic m i l t  P u l s e  Pressure - 4.313 -10.563 1. 1.313 3.545 
4.10 5.04 3.40 6.13 
'Lax Leg Volume - 0.099 - 0.225 0,280 - C.112 














I n t e g r a t e d  Score  
fiour n 2 , s  12 ,o  2 4 - 0  L : s  ~ 0 
Mean Res t ing  HR - 0.924 - 0,733 3,923 0.564 1 ,052  
'lean T i l t  HR 0 .954  1.233 4 510 1.206 0.543 
3' ..ax q T i l t  NR 2 .230  1.703 4 a 333 1.445 0.463 
0.467 1.152 
I:?. Slope 1st F!in P o s t - t i l t  -- 0.810 - 0 . 9 4 %  - lo946 - 2.937 + 0.055 
?yean Tilt P u l s e  Press 
W. Slope  1st Min of T i l t  1 . 2 3 2  1 , 4 7 3  c D 455 
0.901 1,799 - 9.072 - 0.516 - l.r)[5 
f+Iin. T i l t  P u l s e  Fress A 1.052 2 096 0 386 0.578 - 0.646 
%ax Leg Volume *- 0.293 - 0 . 9 4 9  - 1.181 - 0.418 + C.OCS 
A 
I n t e g r a t e d  Score  
A reversec? c,igns included 
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Digcuss ion  
Evening (1900 - 2100) h e a r t  rates are higher thnn  morning 
(0700-1000) heart  r a t e s .  Evening blood p r e s s u r c s  are a l s o  h i g h e r ,  
The r e sponse  t o  tilt fo r  thcsc two parameters ?id- no t  show a a i f f e r e n c e  
a t  t h e  two times. 
The rraxinal  i n c r e a s e  i n  h e a r t  ra ta  du r ing  tilt. was 30% 
higher  t h a n  nre-bedrest a t  0 and 2-1/2 hours  post-bedrest. The 8 i a c -  
tcl-ic p r e s s u r e  tended to bc h i g h e r  p r e - t i l t  and i n c r e a s e d  m@re d u r i n g  
tilt r e s u l t i n g  i n  higher m a n  p r e s s u r c s  and narrower n u l s c  p r e s s u r c s  
fo l lowing  hcdrest. The maximum leg volurnc a f t e r  15  minutes  of tilt 
was unchanged fo l lowing  bedrest, b u t  t h e  s l o w  of t h e  i n i t i a l  change 
i n  leg volume with tilt was 50% lower a t  0 and 2-1/2 hours post- 
bedrest t h a n  cluring pre-bedros t  or l a t e r  recovcrv neriods. 
f i l l i n g  curves were d i g i t i z e d  and t h e  f i l l i n a  o a t t e r n  a t  10 seconds, 
30 seconds and 3 minutes  was s i g n i f i c a n t l y  ( p  < . 0 5 )  lowcr a t  0 ,  2-1/2 
an6 1 2  hours post-bcdrest t h a n  d u r i n g  p re -bcdres t .  A t  3 ,  5 and 7 days 
post-bedrest, the  f i l l i n g  cu rves  were s t i l l  s i g n i f i c a n t l y  lower a t  
3 minutes  a f t e r  tilt, b u t  were s i g n i f i c a n t l y  h i g h z r  a t  5, 10 arre 30 
seconds a f t e r  tilt. The f r u r  s t u d e n t s  whc! were exercised during bed- 
rest shetvcd g r z a t e r  chanacs i n  t he  f i l l i r g  curve t han  t h e  f c u r  who d i d  
n o t  e x e r c i s r  . 
Those 
* 'V?e ncbaative c r e s s u r c  tcsts shvwpd changcs i n  heart r a t e  and 
blood! p r e s s u r 2  s i ~ i l . a r  t c  t h e  t ilt  tests,  but t o  a lesser deqrec. Len 
volune incrcases were greater followinr;  b c z r e s t .  
The vencius f i l l i n g  c u r v e s  fo l lnwinu  hlocc! removal o r  watcr 
i m w r s i o n  arc  c m s i s t e n t l v  l ~ w e r  t h a n  p r e t r e a t m e n t  va lues .  "%e values 
obtained Dost f l i g h t  i n  t b c  Gepini  se rks  were c o n s i s t e n t l y  h i g h e r .  
These results following bed rest are d i s s i m i l a r  from t h o s e  of e i ther  
t h e  simulations cr t h e  actual f l i g h t .  The reason f o r  t h e  d i f f e r e n c e  
i s  not  anpa rcn t .  
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